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of claims 1 to 4 , 

(b) DNA having the nucleotide sequence of 4 02 to 
1331 in the nucleotide sequence represented by SEQ ID NO: 
2, 

5 (c) DNA having the nucleotide sequence of 4 92 to 

1331 in the nucleotide sequence represented by SEQ ID NO: 
2 , and 

(d) DNA hybridizing under stringent conditions with 
the DNA described in any of (a) to (c) and coding for a 
10 polypeptide having pi , 3 -galactosyltransf erase activity 
capable of synthesizing Gaipi -3GlcNAc structure. 
[Claim 6] A recombinant DNA prepared by integrating the 
DNA described in claim 5 into a vector. 

[Claim 7] A recombinant DNA according to claim 6 which is 
15 plasmid pAMo-3GT5 or plasmid pBS-3GT5 (FERM BP-6645) . 

[Claim 8] A transformant harboring the DNA described in 
claim 5, the recombinant DNA in claim 6 or the recombinant 
DNA in claim 7 . 

[Claim 9] A transformant according to claim 8 which is 
20 selected from a microorganism, an animal cell, a plant 

cell, an insect cell, a non-human transgenic animal and a 
transgenic plant. 

[Claim 10] A transformant according to claim 9 wherein 
the microorganism is a microorganism belonging to the 

2 5 genus Escherichia. 

[Claim 11] A transformant according to claim 9 wherein 
the animal cell is selected from a mouse myeloma cell, a 
rat myeloma cell, a mouse hybridoma cell, a CHO cell, a 
BHK cell, an African green monkey kidney cell, a Namalwa 

3 0 cell, a Namalwa KJM-1 cell, a human embryonic kidney cell 

and a human leukemia cell. 

[Claim 12] A transformant according to claim 9 wherein 
the insect cell is selected from a Spodoptera frugiperda 
ovarian cell, a Trichoplusia ni ovarian cell and a 
35 silkworm ovarian cell. 

[Claim 13] A process for producing the polypeptide 
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described in any of claims 1 to 4 , which comprises 
culturing a transf ormant harboring a recombinant DNA 
prepared by integrating DNA coding for the polypeptide of 
any of claims 1 to 4 into a vector in a medium to thereby 
5 form and accumulate said polypeptide in the culture, and 
collecting said polypeptide from said culture. 
[Claim 14] A process for producing the polypeptide 
described in any of claims 1 to 4, which comprises 
breeding a non-human transgenic animal harboring a 

10 recombinant DNA prepared by integrating DNA coding for the 
polypeptide of any of claims 1 to 4 into a vector to 
thereby form and accumulate said polypeptide in said 
animal, and collecting said polypeptide from said animal. 
[Claim 15] A process according to claim 14 wherein 

15 formation and accumulation occur in animal milk. 

[Claim 16] A process for producing the polypeptide 
described in any of claims 1 to 4 , which comprises 
culturing a transgenic plant harboring a recombinant DNA 
prepared by integrating DNA coding for the polypeptide of 

2 0 any of claims 1 to 4 into a vector to thereby form and 

accumulate said polypeptide in said plant, and collecting 
said polypeptide from said plant. 

[Claim 17] A process for producing the polypeptide 
described in any of claims 1 to 4 , which comprises 

2 5 synthesizing the polypeptide of any of claims 1 to 4 in an 

in vitro transcription- translation system using DNA coding 
for said polypeptide. 

[Claim 18] A process for producing a reaction product 
having galactose, which comprises using the polypeptide of 

3 0 any of claims 1 to 4 as an enzyme source, and allowing 

(a) said enzyme source , 

(b) an acceptor substrate selected from: 

i) N-acetylglucosamine (GlcNAc) , 

ii) an oligosaccharide having N-acetylglucosamine 
3 5 residue at the non-reducing terminus thereof, and 

iii) a complex carbohydrate having N- 
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acetylglucosamine residue at the non-reducing terminus 
thereof, and 

(c) uridine-5 ' -diphosphate galactose to be present 
in an aqueous medium to thereby form and accumulate said 
5 reaction product in the aqueous medium, and collecting 
said reaction product from said aqueous medium, wherein 
the galactose is transferred via pi, 3 -linkage to N- 
acetylglucosamine or N-acetylglucosamine residue of said 
acceptor substrate . 
10 [Claim 19] A process for producing a reaction product 

having galactose, which comprises using the polypeptide of 
any of claims 1 to 4 as an enzyme source, and allowing 

(a) said enzyme source, 

(b) an acceptor substrate selected from: 
15 i) glucose, 

ii) an oligosaccharide having glucose residue at the 
non-reducing terminus thereof, and 

iii) a complex carbohydrate having glucose residue 
at the non- reducing terminus thereof, and 

20 (c) uridine-5 ' -diphosphate galactose to be present 

in an aqueous medium to thereby form and accumulate said 
reaction product in the aqueous medium, and collecting 
said reaction product from said aqueous medium, wherein 
the galactose is transferred via pi, 3 -linkage to glucose 

25 or glucose residue of said acceptor substrate. 

[Claim 20] A process for producing a sugar chain or a 
complex carbohydrate, which comprises culturing the 
transformant selected from transf ormants of claim 9 
derived from a microorganism, an animal cell, a plant cell 

3 0 and an insect cell in a medium to thereby form and 

accumulate a sugar chain having galactose transferred via 
pi, 3 -linkage to N-acetylglucosamine, N-acetylglucosamine 
residue, glucose or glucose residue thereof or a complex 
carbohydrate containing said sugar chain in the culture, 

3 5 and collecting said sugar chain or said complex 
carbohydrate from said culture. 
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[Claim 21] A process for producing a sugar chain or a 
complex carbohydrate, which comprises breeding the non- 
human transgenic animal of claim 9 to thereby form and 
accumulate in said animal a sugar chain having galactose 
5 transferred via pi,3-linkage to N-acetylglucosamine, N- 
acetylglucosamine residue, glucose or glucose residue 
thereof or a complex carbohydrate containing said sugar 
chain, and collecting said sugar chain or said complex 
carbohydrate from said animal . 

10 [Claim 22] A process for producing a sugar chain or a 
complex carbohydrate, which comprises culturing the 
transgenic plant of claim 9 to thereby form and accumulate 
in said plant a sugar chain having galactose transferred 
via pi, 3 -linkage to N-acetylglucosamine, N- 

15 acetylglucosamine residue, glucose or glucose residue 

thereof or a complex carbohydrate containing said sugar 
chain, and collecting said sugar chain or said complex 
carbohydrate from said plant. 

[Claim 23] A process according to any of claims 18 to 22 

2 0 wherein the complex carbohydrate is a complex carbohydrate 
selected from a glycoprotein, a glycolipid, a proteoglycan, 
a glycopeptide, a lipopolysaccharide , a peptidoglycan and 
a glycoside which is a steroid compound with a sugar chain. 
[Claim 24] A process according to claim 21 wherein 

25 formation and accumulation occur in animal milk. 

[Claim 25] A method for determining the expression level 
of a gene encoding the polypeptide of any of claims 1 to 4, 
which comprises hybridization using DNA coding for said 
polypeptide or a fragment of said DNA. 

30 [Claim 26] A DNA selected from an oligonucleotide having 
the same nucleotide sequence as a consecutive 5- to 60- 
nucleotide sequence in the nucleotide sequence of the DNA 
of claim 5 or of a DNA having the nucleotide sequence 
represented by SEQ ID NO: 2 or' 3, an oligonucleotide 

35 having a sequence complementary to said oligonucleotide, 
and an oligonucleotide derivative of any of said 
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oligonucleotides . 

[Claim 27] A DNA according to claim 26 wherein the 
oligonucleotide derivative is selected from an 
oligonucleotide derivative in which the phosphodiester 
5 bond is converted into a phosphorothioate bond, an 

oligonucleotide derivative in which the phosphodiester 
bond is converted into an N3 ' -P5 ' -phosphoamidate bond, an 
oligonucleotide derivative in which the ribose and the 
phosphodiester bond are converted into a peptide -nucleic 

10 acid bond, an oligonucleotide derivative in which the 
uracil is replaced by a C-5 propynyluracil , an 
oligonucleotide derivative in which the uracil is replaced 
by a C-5 thiazolyluracil , an oligonucleotide derivative in 
which the cytosine is replaced by a C-5 propynylcytosine , 

15 an oligonucleotide derivative in which the cytosine is 
replaced by a phenoxazine-modif ied cytosine, an 
oligonucleotide derivative in which the ribose is replaced 
by a 2 ' -O-propylribose , and an oligonucleotide derivative 
in which the ribose is replaced by a 2'- 

2 0 me thoxyethoxy ribose . 

[Claim 28] A DNA that has a nucleotide sequence 
represented by SEQ ID NO: 2 0 or 21. 

[Claim 29] A method for determining the expression level 
of a gene encoding the polypeptide of any of claims 1 to 4 , 
25 which comprises polymerase chain reaction using the 
oligonucleotide of any of claims 26 to 28. 

[Claim 30] A method for detecting cancers and cancer 
metastasis, which comprises using the method of claim 25 
or 29. 

30 [Claim 31] A method for inhibiting transcription of DNA 
coding for the polypeptide of any of claims 1 to 4 or 
translation of its corresponding mRNA, which comprises 
using a DNA selected from DNAs of claims 5 and 2 6 to 2 8 
and DNAs having a nucleotide sequence represented by SEQ 

35 ID NO: 2 or 3. 

[Claim 32] An antibody recognizing the polypeptide of any 
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of claims 1 to 4 . 

[Claim 33] A method for immunological detection of the 
polypeptide of any of claims 1 to 4, which comprises using 
the antibody of claim 32 . 
5 [Claim 34] An immunohistostaining method, which comprises 
detecting the polypeptide of any of claims 1 to 4 by using 
the antibody of claim 32 . 

[Claim 3 5] An immunohistostaining agent comprising the 
antibody of claim 32. 

10 [Claim 36] A diagnostic reagent for cancers or cancer 
metastasis, which comprises the antibody of claim 32. 
[Claim 3 7] A method for screening a compound varying the 
activity of the polypeptide of any of claims 1 to 4 , which 
comprises contacting said polypeptide with a test sample. 

15 [Claim 38] A method for screening a compound varying the 
expression of a gene coding for the polypeptide of any of 
claims 1 to 4 , which comprises contacting cells expressing 
said polypeptide with a test sample and determining the 
content of sialyl -Lewis a sugar chain, Lewis a sugar chain, 

2 0 Lewis b sugar chain or sialyl -Lewis c sugar chain by use 

of anti- sialyl -Lewis a antibody, ant i- Lewis a antibody, 
anti-Lewis b antibody or anti-sialyl-Lewis c antibody. 
[Claim 3 9] A method for screening a compound varying the 
expression of a gene coding for the polypeptide of any of 
25 claims 1 to 4 , which comprises contacting cells expressing 
said polypeptide with a test sample and determining the 
content of said polypeptide by use of the antibody of 
claim 32 . 

[Claim 4 0] A promoter DNA governing transcription of a 

3 0 gene coding for the polypeptide described in any of claims 

1 to 4 . 

[Claim 41] A promoter DNA according to claim 40, which 
works in cells selected from small intestine cells, large 
intestine cells, pancreas cells, stomach cells, colon. 
35 cancer cells, pancreatic cancer cells and stomach cancer 
cells . 
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[Claim 42] A promoter DNA according to claim 40 or 41, 
which is a human- or mouse-derived promoter DNA. 

[Claim 43] A promoter DNA according to any of claims 40 
to 42, which comprises a 50- to 5000-bp consecutive 
5 nucleotide DNA sequence in the nucleotide sequence of 1 to 
5000 in the nucleotide sequence represented by SEQ ID NO: 
3 . 

[Claim 44] A method for screening a compound varying the 
efficiency of transcription by the promoter DNA of any of 

10 claims 40 to 43, which comprises transforming animal cells 
with a plasmid containing said promoter DNA and a reporter 
gene ligated downstream of said promoter DNA, then 
contacting the transformant with a test sample, and 
determining the content of a translation product of said 

15 reporter gene. 

[Claim 45] A screening method according to claim 44 
wherein the reporter gene is a gene selected from the 
group consisting of a chloramphenicol acetyltransf erase 
gene, a (3-galactosidase gene, a [3-lactamase gene, a 

20 lucif erase gene and a green fluorescent protein gene. 

[Claim 46] A knockout animal wherein a DNA coding for the 
polypeptide of any of claims 1 to 4 is rendered defective 
or mutated. 

[Claim 47] A knockout animal according to claim 4 6 
25 wherein the knockout animal is a mouse. 

[Detail Description of the Invention] 

[Technical Field] 

30 The present invention relates to a novel polypeptide 

having 01 , 3 -galactosyltransf erase activity involved in the 
synthesis of type 1 sugar chains such as sialyl -Lewis a 
sugar chain in cancer cells in the digestive system such 
as colon cancer cells, pancreatic cancer cells, etc. 

35 expressing sialyl-Lewis a sugar chain, a process for 
producing said polypeptide, a DNA coding for said 
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polypeptide, a recombinant vector having said DNA 
integrated therein, a transf ormant carrying said 
recombinant vector, an antibody recognizing said 
polypeptide, a process for producing type 1 sugar chain- 
5 containing sugar chains and complex carbohydrates 

containing said sugar chains by use of said polypeptide, 
and a process for producing type 1 sugar chain-containing 
sugar chains and complex carbohydrates containing said 
sugar chains by use of a transf ormant carrying said 
10 recombinant vector. 

[Prior Art] 

It is estimated that sugar chains are involved not 
only in life phenomena such as development, 

15 differentiation and cell recognition but also in 

occurrence and progress of inflammations, cancers, 
infections, auto- immune diseases and a number of other 
diseases [A. Kobata, S. Hakomori and K. Nagai : 
Glycobiology Series (1) to (6) , Kodansha (1993) , 

20 Glycobiology, 3, 97 (1993)]. 

Sugar chains exist not only as glycoproteins, 
proteoglycans or glycolipids, in which they are added to 
proteins or lipids, but also as oligosaccharides. 

Sugar chains having Galpl-3GlcNAc structure are 

25 called type 1 sugar chains, and constitute core sugar 
chains of Lewis blood type antigens and cancer-related 
sugar chain antigens. The Lewis blood type antigens 
include not only Lewis a sugar chain [Gaipi-3 (Fucal- 
4)GlcNAc] but also Lewis b sugar chain [Fucal-2Galpl- 

30 3 (Fucctl-4) GlcNAc] . Sialyl-Lewis a sugar chain [NeuAca2- 
3Galpl-3 (Fucal-4) GlcNAc] and sialyl-Lewis c sugar chain 
(NeuAcoc2-3Galpl-3GlcNAc) are cancer-related sugar chains 
detected highly frequently in cancers in mainly the 
digestive system such as colon cancers, pancreatic cancers, 

35 etc., and antibodies against sialyl-Lewis a sugar chain 
and sialyl-Lewis c sugar chain are utilized for 
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serodiagnosis of cancers. 

It is revealed that adhesion of adhesion molecule 
selectins (E-, P- and L-selectins) and their sugar chain 
ligands (sialyl-Lewis x sugar chains or their related 
5 sugar chains) is involved in accumulation of leukocytes in 
inflammatory sites and homing of lymphocytes to lymph 
nodes . 

Because sialyl-Lewis a sugar chain, i.e. structural 
isomer of sialyl-Lewis x sugar chain [NeuAccc2 -3Galpl - 

10 4 (Fucotl-3) GlcNAc] binds to selectins, sialyl-Lewis a sugar 
chain is considered to participate in cancer metastasis. 
Further, it is reported that the expression level of 
sialyl-Lewis a sugar chain in colon cancers and pancreatic 
cancers is correlated with poor prognosis of cancers. 

15 The Galpl-3GlcNAc structure is synthesized by a 

GlcNAc pi, 3 -galactosyltransf erase. To date, genes of 
three GlcNAc pi , 3 -galactosyltransf erases (p3Gal-Tl, p3Gal- 
T2, p3Gal-T3) have been cloned, and the acceptor substrate 
specificity of each enzyme has been analyzed [Japanese 

20 Published Unexamined Patent Application No. 181759/94, J. 
Biol. Chem., 273 , 58-65 (1998), J. Biol. Chem. , 273 , 433- 
440 (1998), J. Biol. Chem., 273, 12770-12778 (1998)]. 
Further, another pi , 3 -galactosyltransf erase (P3Gal-T4) 
having different substrate specificity has been cloned [J. 

25 Biol. Chem., 272 , 24794-24799 (1997), J. Biol. Chem., 273 , 

12770-12778 (1998)]. P3Gal-T4 synthesizes ganglioside GA1 , 
GM1 or GDlb, but not the Gaipi-3GlcNAc structure. 

If GlcNAc pi , 3 -galactosyltransf erase involved in the 
synthesis of sialyl-Lewis a sugar chain and sialyl-Lewis c 

30 sugar chain as cancer-related sugar chains can be 

identified in cancers in the digestive system such as 
colon cancers, pancreatic cancers, etc., more accurate 
diagnosis of cancers would be feasible by examining said 
enzyme or the expression level of a gene of said enzyme. 

35 Further, it is expectable that cancer metastasis could be 
inhibited by regulating the activity of said enzyme or the 
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transcription and translation of said enzyme gene. 
However, neither said enzyme nor said enzyme gene has been 
identified. A GlcNAc pi , 3 -galactosyltransf erase has been 
partially purified from colon cancer cell line Colo205, 
5 but nobody has achieved isolation of said enzyme, 

determination of the amino acid sequence of said enzyme, 
or isolation of a gene of said enzyme [J. Biol. Chem. , 262 , 
15649-15658 (1987), Archi . Biochem. Biophys . 270 , 630-646 
(1989), Archi. Biochem. Biophys. 274 , 14-25 (1989)]. 

10 A sugar chain having an ability to bind to selectins 

is useful as a selectin antagonist to treat and prevent 
inflammations and cancer metastasis. Accordingly, it is 
estimated that (31 , 3 -galactosyltransf erases involved in the 
synthesis of sialyl -Lewis a sugar chains in cancers in 

15 digestive system such as colon cancers and pancreatic 
cancers is also applicable to efficient synthesis of 
selectin antagonists . 

It is known that various oligosaccharides occur in 
human milk [Acta Paediatrica, 82, 903 (1993)]. Lacto-N- 

20 tetraose (Galpl-3GlcNAcpl-3GlcNAcpl-4Glc) is contained in 
human milk and estimated to prevent infants from being 
infected with viruses or microorganisms. Further, lacto- 
N-tetraose has the activity of promoting the growth of 
bifidobacterium as benign enteric bacterium. On the other 

25 hand, there are few types of oligosaccharides occurring in 
milk from animals such as cattle, mice, etc., and a 
majority thereof are lactose, and trisaccharides or higher 
oligosaccharides scarcely occur [Acta Paediatrica, 82^ 903 
(1993), J. Biol. Chem., 270, 29515 (1995)]. 

3 0 It would be considered significantly advantageous in 

industry if we could produce efficiently various 
oligosaccharides having lacto-N- tetraose as a back born. 
It is therefore an industrially important task to develop 
an enzyme having a higher activity of synthesizing lacto- 

35 N- tetraose than the activity of GlcNAc pi, 3- 
galactosyltransf erase so far cloned. 
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[Problems to be Solved by the Invention] 

The object of the present invention is to provide a 
pharmaceutical preparation for anti - inflammations , anti- 
5 infections or inhibition of cancer metastasis, foods such 
as dairy products, a method of improving proteins, and a 
method for diagnosis of diseases such as cancers, by 
utilizing a novel polypeptide having pi,3- 
galactosyltransf erase . 

10 

[Means for Solving the Problems] 

The present invention relates to the following items 
1 to 47: 

1. A polypeptide having pi , 3 -galactosyltransf erase 
15 activity involved in the synthesis of sialyl -Lewis a sugar 

chain, present in colon cancer cells expressing sialyl - 
Lewis a sugar chain. 

The novel polypeptide of the present invention 
having pi , 3 -galactosyltransf erase activity occurs not only 

20 in colon cancer cells expressing sialyl-Lewis a sugar 

chain, but also in cancer cells in the digestive system, 
such as colon cancer cells, pancreatic cancer cells, etc. 
expressing type 1 sugar chains such as sialyl-Lewis c 
sugar chain, Lewis a sugar chain, Lewis b sugar chain, etc. 

25 A polypeptide having pi , 3 -galactosyltransf erase activity 
involved in efficient synthesis of type 1 sugar chains 
present in these cancer cells in the digestive system is 
also the polypeptide of the present invention. The 
polypeptide of the present invention is a novel pi, 3- 

30 galactosyltransf erase different from known P3Gal-Tl, 
P3Gal-T2 and p3Gal-T3. 

2. A polypeptide selected from the following (a), 
(b) and (c) : 

(a) a polypeptide consisting of the amino acid 
3 5 sequence represented by SEQ ID N0:1, 

(b) a polypeptide containing the amino acid sequence 
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of 31 to 310 in the amino acid sequence represented by SEQ 
ID NO: 1, and 

(c) a polypeptide consisting of an amino acid 
sequence where in the amino acid sequence of the 
5 polypeptide (a) or (b) , one to several amino acids have 
been deleted, replaced or added and having 01,3- 
galactosyltransf erase activity capable of synthesizing 

Galpl-3GlcNAc structure . 

The deletion, replacement or addition of the amino 

10 acids described above can be carried out by site-directed 
mutangenesis known prior to the filing date. The "one to 
several amino acids" means the amino acids within the 
range of number where the deletion, replacement or 
addition is possible by the site-directed mutagenesis. 

15 The polypeptide consisting of an amino acid sequence 

wherein one to several amino acids have been deleted, 
replaced or added and having the pi, 3- 

galactosyltransf erase activity can be obtained by the 
methods described in Molecular Cloning, A laboratory 

2 0 Manual, Second Edition, Cold Spring Harbor Laboratory 

Press (1989) (abbreviated hereinafter to Molecular Cloning, 
2nd edition) , Current Protocols in Molecular Biology, 
Supplement 1-38, John Wiley & Sons (1987-1997) 
(abbreviated hereinafter to Current Protocols in Molecular 

25 Biology Supplement 1-38) , Nucleic Acids Research, 10_, 6487 
(1982), Proc. Natl. Acad. Sci . , USA, 79, 6409 (1982), Gene, 
34, 315 (1985) , Nucleic Acids Research, 13, 4431 (1985) , 
Proc. Natl. Acad. Sci., USA, 82, 488 (1985), Proc. Natl. 
Acad. Sci., USA, 81, 5662 (1984), Science, 224 , 1431 

30 (1984) , PCT WO 85/00817 (1985) , Nature, 316 , 601 (1985) , 
etc . 

The polypeptide consisting of an amino acid sequence 
where in the amino acid sequence of the polypeptide (a) or 
(b) , one to several amino acids have been deleted, 
35 replaced or added and having pi , 3 -galactosyltransf erase 
activity capable of synthesizing Galpl-3GlcNAc structure 
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is a novel pi , 3 -galactosyl transferase different from known 
p3Gal-Tl, P3Gal-T2 and p3Gal-T3. 

3 . A polypeptide according to item 1 or 2 wherein 
the pi , 3 -galactosyltransf erase activity is the activity of 

5 transferring galactose via pi , 3 -linkage to N- 

acetylglucosamine residue present at the non- reducing 
terminus of a sugar chain . 

4. A polypeptide according to item 1 or 2 wherein 
the pi, 3 -galactosyltransf erase activity is the activity of 

10 transferring galactose via pi, 3 -linkage to N- 

acetylglucosamine residue present at the non- reducing 
terminus of GlcNAcpi-3Gaipi-4Glc or to N-acetylglucosamine 
monosaccharide . 

5. A DNA selected from the following (a) , (b) , (c) 
15 and (d) : 

(a) DNA coding for the polypeptide described in any 
of claims 1 to 4, 

(b) DNA having the nucleotide sequence of 402 to 

13 31 in the nucleotide sequence represented by SEQ ID NO: 
20 2 , 

(c) DNA having the nucleotide sequence of 492 to 
1331 in the nucleotide sequence represented by SEQ ID NO: 
2 , and 

(d) DNA hybridizing under stringent conditions with 
25 the DNA described in any of (a) to (c) and coding for a 

polypeptide having pi , 3 -galactosyltransf erase activity 
capable of synthesizing Gaipi-3GlcNAc structure. 

The "DNA capable of hybridizing under stringent 
conditions" described above refers to a DNA obtained by 

30 colony hybridization, plaque hybridization, Southern blot 
hybridization, or the like, with a DNA selected as the 
probe from the DNAs in items (a) , (b) and (c) described 
above. A specific example includes a DNA which can be 
identified by carrying out hybridization at 65°C in the 

35 presence of 0.7 to 1.0 M NaCl using a filter on which a 
DNA prepared from colonies or plaques is immobilized and 
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then washing the filter at 65°C with a 0,1 to 2 -fold cone. 
SSC (saline-sodium citrate) solution (1-fold cone. SSC 
solution is composed of 150 mM sodium chloride and 15 mM 
sodium citrate) . 
5 Hybridization can be effected according to a method 

described in books on experiments such as Molecular 
Cloning, 2nd edition; and Current Protocols in Molecular 
Biology, Supplements 1 to 38; DNA cloning 1: Core 
Techniques, A Practical Approach, Second Edition, Oxford 

10 University Press (1995) . 

Specifically, the DNA capable of hybridizing 
includes DNA having 60% or more homology, preferably 80% 
or more homology, more preferably 95% or more homology 
with a nucleotide sequence coding for a polypeptide having 

15 the amino acid sequence represented by SEQ ID NO: 1. The 
polypeptide encoded by said DNA and having pi, 3- 
galactosyltransf erase activity capable of synthesizing the 
Galpl-3GlcNAc structure is a novel 01,3- 
galactosyltransf erase different from known P3Gal-Tl, 

20 p3Gal-T2 and p3Gal-T3. 

6. A recombinant DNA prepared by integrating the DNA 
described in item 5 into a vector. 

7 . A recombinant DNA according to item 6 which is 
plasmid pAMo-3GT5 or plasmid pBS-3GT5 (FERM BP-6645) . 

25 8. A transformant harboring the DNA described in 

item 5, the recombinant DNA in item 6 or the recombinant 
DNA in item 7. 

9. A transformant according to item 8 which is 
selected from a microorganism, an animal cell, a plant 

30 cell, an insect cell, a non-human transgenic animal and a 
transgenic plant . 

10. A transformant according to item 9 wherein the 
microorganism is a microorganism belonging to the genus 
Escheri chia . 

35 11. A transformant according to item 9 wherein the 

animal cell is selected from a mouse myeloma cell, a rat 
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myeloma cell, a mouse hybridoma cell, a CHO cell, a BHK 
cell, an African green monkey kidney cell, a Namalwa cell, 
a Namalwa KJM-1 cell, a human embryonic kidney cell and a 
human leukemia cell. 
5 12 . A transf ormant according to item 9 wherein the 

insect cell is selected from a Spodoptera frugiperda 
ovarian cell, a Trichoplusia ni ovarian cell and a 
silkworm ovarian cell . 

13. A process for producing the polypeptide 
10 described in any of items 1 to 4, which comprises 

culturing a transformant harboring a recombinant DNA 
prepared by integrating DNA coding for the polypeptide of 
any of items 1 to 4 into a vector in a medium to thereby 
form and accumulate said polypeptide in the culture, and 
15 collecting said polypeptide from said culture. 

14. A process for producing the polypeptide 
described in any of items 1 to 4, which comprises breeding 
a non-human transgenic animal harboring a recombinant DNA 
prepared by integrating DNA coding for the polypeptide of 

2 0 any of items 1 to 4 into a vector to thereby form and 

accumulate said polypeptide in said animal, and collecting 
said polypeptide from said animal. 

15. A process according to item 14 wherein formation 
and accumulation occur in animal milk. 

25 16. A process for producing the polypeptide 

described in any of items 1 to 4, which comprises 
culturing a transgenic plant harboring a recombinant DNA 
prepared by integrating DNA coding for the polypeptide of 
any of items 1 to 4 into a vector to thereby form and 

30 accumulate said polypeptide in said plant, and collecting 
said polypeptide from said plant. 

17. A process for producing the polypeptide 
described in any of items 1 to 4 , which comprises 
synthesizing the polypeptide of any of items 1 to 4 in an 

35 in vitro transcription and translation system using DNA 
coding for said polypeptide. 
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18. A process for producing a reaction product 
having galactose, which comprises using the polypeptide of 
any of items 1 to 4 as an enzyme source, and allowing 

(a) said enzyme source, 
5 (b) an acceptor substrate selected from: 

i) N-acetylglucosamine (GlcNAc) , 

ii) an oligosaccharide having N-acetylglucosamine 
residue at the non- reducing terminus thereof, and 

iii) a complex carbohydrate having N- 

10 acetylglucosamine residue at the non-reducing terminus 
thereof, and 

(c) uridine- 5 ' -diphosphate galactose to be present 
in an aqueous medium to thereby form and accumulate said 
reaction product in the aqueous medium, and collecting 
15 said reaction product from said aqueous medium, wherein 
the galactose is transferred via pi, 3 -linkage to N- 
acetylglucosamine or N-acetylglucosamine residue of said 
acceptor substrate . 

19. A process for producing a reaction product 

2 0 having galactose, which comprises using the polypeptide of 
any of items 1 to 4 as an enzyme source, and allowing 

(a) said enzyme source, 

(b) an acceptor substrate selected from: 
i) glucose, 

2 5 ii) an oligosaccharide having glucose residue at the 

non-reducing terminus thereof, and 

iii) a complex carbohydrate having glucose residue 
at the non- reducing terminus thereof, and 

(c) uridine- 5 ' -diphosphate galactose to be present 

3 0 in an aqueous medium to thereby form and accumulate said 

reaction product in the aqueous medium, and collecting 
said reaction product from said aqueous medium, wherein 
the galactose is transferred via pi, 3 -linkage to glucose 
or glucose residue of said acceptor substrate. 
35 20. A process for producing a sugar chain or a 

complex carbohydrate, which comprises culturing the 
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transf ormant selected from transf ormants of item 9 derived 
from a microorganism, an animal cell, a plant cell and an 
insect cell in a medium to thereby form and accumulate a 
sugar chain having galactose transferred via pi, 3 -linkage 
5 to N-acetylglucosamine, N-acetylglucosamine residue, 
glucose or glucose residue thereof or a complex 
carbohydrate containing said sugar chain in the culture, 
and collecting said sugar chain or said complex 
carbohydrate from said culture. 

10 21. A process for producing a sugar chain or a 

complex carbohydrate, which comprises breeding the non- 
human transgenic animal of item 9 to thereby form and 
accumulate in said animal a sugar chain having galactose 
transferred via pi , 3-linkage to N-acetylglucosamine, N- 

15 acetylglucosamine residue, glucose or glucose residue 

thereof or a complex carbohydrate containing said sugar 
chain, and collecting said sugar chain or said complex 
carbohydrate from said animal . 

22 . A process for producing a sugar chain or a 
2 0 complex carbohydrate, which comprises culturing the 

transgenic plant of item 9 to thereby form and accumulate 
in said plant a sugar chain having galactose transferred 
via pi, 3-linkage to N-acetylglucosamine, N- 
acetylglucosamine residue, glucose or glucose residue 
2 5 thereof or a complex carbohydrate containing said sugar 
chain, and collecting said sugar chain or said complex 
carbohydrate from said plant. 

23. A process according to any of items 18 to 22 
wherein the complex carbohydrate is a complex carbohydrate 

30 selected from a glycoprotein, a glycolipid, a proteoglycan, 
a glycopeptide, a lipopolysaccharide , a peptidoglycan and 
a glycoside which is a steroid compound with a sugar chain. 

24. A process according to item 21 wherein formation 
and accumulation occur in animal milk. 

35 25. A method for determining the expression level of 

a gene encoding the polypeptide of any of items 1 to 4 , 
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which comprises hybridization using DNA coding for said 
polypeptide . 

26. A DNA selected from an oligonucleotide having 
the same nucleotide sequence as a consecutive 5- to 60- 

5 nucleotide sequence in the nucleotide sequence of the DNA 
of item 5 or of a DNA having the nucleotide sequence 
represented by SEQ ID NO: 2 or 3, an oligonucleotide 
having a sequence complementary to said oligonucleotide, 
and an oligonucleotide derivative of any of said 
10 oligonucleotides . 

27. An oligonucleotide according to item 26 wherein 
the oligonucleotide derivative is selected from an 
oligonucleotide derivative in which the phosphodiester 
bond is converted into a phosphorothioate bond, an 

15 oligonucleotide derivative in which the phosphodiester 

bond is converted into an N3 ' -P5 ' -phosphoamidate bond, an 
oligonucleotide derivative in which the ribose and the 
phosphodiester bond are converted into a peptide -nucleic 
acid bond, an oligonucleotide derivative in which the 

20 uracil is replaced by a C-5 propynyluracil , an 

oligonucleotide derivative in which the uracil is replaced 
by a C-5 thiazolyluracil , an oligonucleotide derivative in 
which the cytosine is replaced by a C-5 propynylcytosine , 
an oligonucleotide derivative in which the cytosine is 

25 replaced by a phenoxazine- modified cytosine, an 

oligonucleotide derivative in which the ribose is replaced 
by a 2 ' -O-propylribose, and an oligonucleotide derivative 
in which the ribose is replaced by a 2'- 
methoxyethoxyribose . 

30 28. A DNA that has a nucleotide sequence represented 

by SEQ ID NO: 2 0 or 21. 

29. A method for determining the expression level of 
a gene encoding the polypeptide of any of items 1 to 4 , 
which comprises polymerase chain reaction using the 

35 oligonucleotide of any of items 26 to 28. 

30. A method for detecting cancers and cancer 
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metastasis, which comprises using the method of item 2 5 or 
29. 

31. A method for inhibiting transcription of DNA 
coding for the polypeptide of any of items 1 to 4 or 

5 translation of its corresponding mRNA, which comprises 

using a DNA selected from DNAs of items 5 and 2 6 to 2 8 and 
DNAs having a nucleotide sequence represented by SEQ ID 
NO : 2 or 3 . 

32. An antibody recognizing the polypeptide of any 
10 of items 1 to 4 . 

33. A method for immunological detection of the 
polypeptide of any of items 1 to 4 , which comprises using 
the antibody of item 32. 

34. An immunohistostaining method, which comprises 
15 detecting the polypeptide of any of items 1 to 4 by using 

the antibody of item 32. 

35. An immunohistostaining agent comprising the 
antibody of item 32. 

36. A diagnostic reagent for cancers or cancer 
2 0 metastasis, which comprises the antibody of item 32. 

37. A method for screening a compound varying the 
activity of the polypeptide of any of items 1 to 4, which 
comprises contacting said polypeptide with a test sample. 

38. A method for screening a compound varying the 
25 expression of a gene coding for the polypeptide of any of 

items 1 to 4 , which comprises contacting cells expressing 
said polypeptide with a test sample and determining the 
content of sialyl -Lewis a sugar chain, Lewis a sugar chain, 
Lewis b sugar chain or sialyl -Lewis c sugar chain by use 
30 of anti-sialyl-Lewis a antibody, anti-Lewis a antibody, 
anti -Lewis b antibody or anti-sialyl-Lewis c antibody. 

39. A method for screening a compound varying the 
expression of a gene coding for the polypeptide of any of 
items 1 to 4 , which comprises contacting cells expressing 

35 said polypeptide with a test sample and determining the 

content of said polypeptide by use of the antibody of item 
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32 . 

40. A promoter DNA governing transcription of a gene 
coding for the polypeptide described in any of items 1 to 
4 . 

5 41. A promoter DNA according to item 40, which works 

in cells selected from small intestine cells, large 
intestine cells, pancreas cells, stomach cells, colon 
cancer cells, pancreatic cancer cells and stomach cancer 
cells . 

10 42 . A promoter DNA according to item 40 or 41, which 

is a human- or mouse -derived promoter DNA. 

43. A promoter DNA according to any of items 40 to 
42, which comprises a 50- to 5000-bp consecutive 
nucleotide DNA sequence in the nucleotide sequence of 1 to 

15 5000 in the nucleotide sequence represented by SEQ ID NO: 
3 . 

44 . A method for screening a compound varying the 
efficiency of transcription by the promoter DNA of any of 
items 40 to 43, which comprises transforming animal cells 

2 0 with a plasmid containing said promoter DNA and a reporter 
gene ligated downstream of said promoter DNA, then 
contacting the transformant with a test sample, and 
determining the content of a translation product of said 
reporter gene . 

25 J 45. A screening method according to item 44 wherein 

the reporter gene is a gene selected from the group 
consisting of a chloramphenicol acetyltransf erase gene, a 
P-galactosidase gene, a P-lactamase gene, a lucif erase 
gene and a green fluorescent protein gene. 

30 46. A knockout animal wherein a DNA coding for the 

polypeptide of any of items 1 to 4 is rendered defective 
or mutated. 

47. A knockout animal according to item 46 wherein 
the knockout animal is a mouse. 

35 

Hereinafter, the present invention is described in 
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detail . 

[Modes for Carrying out the Invention] 

(1) Acquisition of DNA coding for the novel polypeptide of 
5 the present invention having pi , 3 -galactosyltransf erase 
activity capable of synthesizing type 1 sugar chains such 
as sialyl-Lewis a sugar chain (hereinafter also called 
novel pi , 3 -galactosyltransf erase gene) and production of 
said DNA and oligonucleotides 

10 A cDNA library is prepared in a usual manner from 

sialyl-Lewis a sugar chain- or sialyl-Lewis c sugar chain- 
expressing cancer cells in the digestive system, such as 
colon cancer cells or pancreatic cancer cells. 

The method of preparing the cDNA library includes 

15 methods described in Molecular Cloning, 2nd edition, 

Current Protocols in Molecular Biology, Supplements 1-38, 
A Laboratory Manual, 2nd Ed. (1989), DNA Cloning 1: Core 
Techniques, A Practical Approach, Second Edition, Oxford 
University Press (1995) or methods using commercially 

20 available kits such as Superscript Plasmid System for cDNA 
Synthesis and Plasmid Cloning (a product of Gibco BRL) and 
ZAP-cDNA Synthesis Kit (a product of Stratagene) . 

Examples of the sialyl-Lewis a sugar chain- or 
sialyl-Lewis c sugar chain-expressing cancer cells in the 

25 digestive system, such as colon cancer cells or pancreatic 
cancer cells useful in the present invention include human 
colon cancer cell lines Colo205, Colo201 and SW1116 
expressing sialyl-Lewis a sugar chains and human 
pancreatic cancer cell line Capan-2 expressing sialyl 

30 Lewis a sugar chains. 

The cloning vector for preparing the cDNA library 
may be any phage vectors, plasmid vectors, etc. insofar as 
they can be autonomously replicated in E. coli K12 . 

Specific examples include ZAP Express [Strategies, 5, 

35 58 (1992) , a product of Stratagene] , pBluescript II SK(+) 
[Nucleic Acids Research, 17, 9494 (1989)], XZAP II (a 



23 



product of Stratagene) , A,gtlO, Xgtll [DNA Cloning, A 
Practical Approach, _1, 49 (1985)], ^TriplEx (a product of 
Clonetech) , >.ExCell (a product of Pharmacia) , pT7T318U (a 
product of Pharmacia), pcD2 [Mol . Cell. Biol., 3_, 280 
5 (1983)], pUC18 [Gene, 33, 103 (1985)] and pAMo [J. Biol. 
Chem., 268 , 22782-22787 (1993), also called pAMoPRC3Sc 
(Japanese Published Unexamined Patent Application No. 
336963/93) ] . 

The host microorganisms may be any microorganisms 
10 belonging to Escherichia, coli. Specifically, Escherichia 
coli XLl-Blue MRF ' [Strategies, 5, 81 (1992) , a product of 
Stratagene] , Escherichia, coli C600 [Genetics, _3£, 440 
(1954)], Escherichia coli Y1088 [Science, 222 , 778 (1983)], 
Escherichia coli Y1090 [Science, 222 , 778 (1983)], 
15 Escherichia coli NM522 [J. Mol. Biol., 166 , 1 (1983)], 
Escherichia coli K802 [J. Mol. Biol., 16, 118 (1966)], 
Escherichia coli JM105 [Gene, 3Q_ t 275 (1985)], Escherichia 
coli SOLR™ Strain [commercially available from Stratagene] , 
E. coli LE392 (Molecular Cloning, 2nd ed.), etc. can be 
20 used. 

The cDNA library includes a cDNA library prepared, 
e.g., in the following manner. 

A cDNA is synthesized with a cDNA synthesis system 
(a product of GIBCO BRL) using mRNA derived from human 
25 colon cancer cell line Colo205. 

A plasmid is prepared by adding an Sf i l linker to 
both termini of the DNA and then inserting the resulting 
DNA into Sf i l sites of cloning vector pAMo. 

The plasmid is used to transform E. coli LE3 92 to 
3 0 prepare a cDNA library. 

From the prepared cDNA library, a clone containing 
the objective DNA is selected in the following manner. 

From the cDNA library prepared above, plasmids are 
prepared in a usual manner or by using a plasmid maxi kit 
35 (Product No. 41031), that is, a plasmid preparation kit 
produced by Qiagen. 
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By comparing the amino acid sequences of four known 
Pi , 3 -galactosyltransf erases , two or more well -conserved 
regions among the four pi , 3 -galactosyl transferases are 
found. 

5 Degenerate primers each having a DNA sequence 

corresponding to the amino acid sequence of each region 
are designed according to known methods [Carl W. 
Dieffenbach, Gabriela S. Dveksler, W PCR Primer: A 
Laboratry Manual", Cold Spring Harbor Lab. (1995), The 

10 Protocol Series "cDNA Cloning" ed. Jyunichiro Inoue & 

Kentaro Senba, Yodosha (1996), Science, 241 , 42 (1988)], 
and polymerase chain reaction (hereinafter abbreviated to 
PCR) [Molecular Cloning, 2nd edition and PCR Protocols 
Academic Press (1990)] is conducted using the cDNA library 

15 prepared above as a template, and the amplified fragment 
is subcloned into a suitable plasmid. 

Subcloning of the PCR-amplif ied fragment can be 
performed in a usual manner by integrating the amplified 
fragment, as such or after treatment with restriction 

2 0 enzymes or DNA polymerase into a vector. 

The vector includes pBluescript II SK(+) and 
pBluescript SK(-) (both available from Stratagene) , 
pDIRECT [Nucleic Acids Research, 18, 6069 (1990)], pCR- 
Script Amp SK(+) [a product of Stratagene, Strategies, 5, 
25 6264 (1992)], pT7Blue [a product of Novagen] , pCR II [a 

product of Invitrogen, Biotechnology, 9, 657 (1991)], pCR- 
TRAP [a product of Genehunter] , pNoTA T7 (a product of 5' — > 
3' Ltd. ) , etc. 

By determining the nucleotide sequence of the 

3 0 subcloned PCR-amplif ied fragment, a DNA fragment coding 

for an amino acid sequence that is homologous to, but not 
completely consistent with, the amino acid sequence of 
known (3l , 3 -galactosyltransf erase is selected. The 
nucleotide sequence of the DNA can be determined by 
3 5 conventional nucleotide sequence analysis using the 

dideoxy method of Sanger, et al . [Proc. Natl. Acad. Sci . 
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USA, 74, 5463 (1977)] or a nucleotide sequencer such as 
373A-DNA sequencer (a product of Perkin Elmer) . 

By subjecting the cDNA library prepared above to 
colony hybridization or plaque hybridization (Molecular 
5 Cloning, 2nd edition.) with said DNA fragment as the probe, 
cDNA coding for a polypeptide having homology to known 
(5l , 3 -galactosyltransf erases can be obtained. As the probe, 
said DNA fragment labeled with an isotope or digoxigenin 
can be used. 

10 The DNA obtained in the method described above, as 

such or after cleavage with appropriate restriction 
enzymes, is inserted into a vector by a conventional 
method described in Molecular Cloning 2nd edition, etc., 
and then the nucleotide sequence of the DNA can be 

15 determined by conventional nucleotide sequence analysis 
using the dideoxy method of Sanger, et al . [Proc. Natl. 
Acad. Sci. USA, 7£, 5463 (1977)] or a nucleotide sequencer 
such as 373A-DNA sequencer (a product of Perkin Elmer) . 

The DNA obtained by said method includes, e.g., DNA 

2 0 coding for the polypeptide represented by SEQ ID NO: 1, 
and specifically, DNA having the nucleotide sequence 
represented by SEQ ID NO: 2 or 3 can be mentioned. 

The plasmid containing the DNA represented by SEQ ID 
NO: 2 includes, e.g., pAMo-3GT5 and pBS-3GT5 (FERM BP- 

25 6645) described in the Examples below. 

The DNA obtained in the manner described above is 
integrated into an expression vector to construct an 
expression plasmid. After the resulting expression 
plasmid is introduced into suitable animal cells, whether 

30 said DNA codes for pi , 3 -galactosyl transf erase 

participating in the synthesis of sialyl -Lewis a sugar 
chain or sialyl -Lewis c sugar chain can be examined by 
analysis with a fluorescence activated cell sorter 
(hereinafter abbreviated to FACS) using anti-sialyl-Lewis 

35 a sugar chain antibody or anti-sialyl-Lewis c sugar chain 
antibody. 
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As said expression vector, an vector capable of 
integrating said cDNA therein and expressing it in animal 
cells can be used, and for example, pcDNAl/Amp, pcDNAI , 
pCDM8 (which all are available from Funakoshi K. K.), 
5 pAGE107 [Japanese Published Unexamined Patent Application 
No. 22979/91, Cytotechnology , 3, 133 (1990)], pREP4 (a 
product of Invitrogen) , pAGE103 [J. Biochem. , 101 , 1307 
(1987)], pAMo, pAMoA [J. Biol. Chem. , 268 , 22782-22787 
(1993), also called pAMoPRSA (Japanese Published 

10 Unexamined Patent Applicaiton No. 336963/93] , pAS3-3 
(Japanese Published Unexamined Patent Application No. 
227075/90), etc. can be mentioned. 

The expression vector into which the cDNA has been 
integrated is introduced into animal cells capable of 

15 selecting the objective cDNA, to give transformed cells. 

The method of introducing said expression vector may 
be any method of introducing DNA into animal cells, and 
mention can be made of, e.g., the electroporation method 
[Cytotechnology, 3, 133 (1990)], the calcium phosphate 

20 method (Japanese Published Unexamined Patent Application 
No. 227075/90), the lipofection method [Proc. Natl. Acad. 
Sci. USA, 84, 7413 (1987)] and the method described in 
Virology, 52, 456 (1973) . 

The animal cells include Namalwa cells that are 

25 human cells, Namalwa KJM-1 cells that are a sub-line of 

Namalwa cells, COS cells that are simian cells, CHO cells 
that are Chinese hamster cells, HBT5637 (Japanese 
Published Unexamined Patent Application No. 299/88) and 
HCT-15 that is a colon cancer cell line, among which 

30 Namalwa cells, Namalwa KJM-1 cells and HCT-15 are 
preferable . 

The resulting transformed cells are cultured in a 
usual manner. 

Specifically, mention can be made of the following 
35 method of culturing transf ormants . 

When the transf ormants are animal cells, the medium 
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for culturing the cells is a generally used medium such as 
RPMI164 0 medium [The Journal of the American Medical 
Association, 199 , 519 (1967)], Eagle's MEM medium [Science, 
122 , 501 (1952)], DMEM medium [Virology, 8, 396 (1959)], 
5 199 medium [Proceeding of the Society for the Biological 
Medicine, 7^3, 1 (1950)] or any of these media further 
supplemented with fetal calf serum. 

The culturing is conducted usually for 1 to 7 days 
at pH 6 to 8, at 25 to 40°C in the presence of 5% C0 2 . 

10 If necessary, antibiotics such as kanamycin, 

penicillin and streptomycin may be added to the medium 
during the culturing. 

The cells obtained in the culturing are 
f luorescently stained with anti-sialyl -Lewis a sugar chain 

15 antibody or anti-sialyl -Lewis c sugar chain antibody and 
then analyzed by FACS, to examine whether the amount of 
sialyl -Lewis a sugar chains or sialyl -Lewis c sugar chains 
in the cells transformed with said expression plasmid is 
increased or not. If the amount of sialyl-Lewis a sugar 

20' chains or sialyl-Lewis c sugar chains is increased, said 
DNA can be estimated to code for novel pi,3- 
galactosyltransf erase involved in the synthesis of sialyl- 
Lewis a sugar chain or sialyl-Lewis c sugar chain. 

Any antibodies reacting with sialyl-Lewis a sugar 

25 chain or sialyl-Lewis c sugar chain can be used as anti- 

sialyl-Lewis a sugar chain antibody or anti-sialyl-Lewis c 
sugar chain antibody, respectively, and examples thereof 
include 19-9 (a product of Fujirebio) and KM231 (a product 
of Kyowa Medex) as anti-sialyl-Lewis a sugar chain 

30 antibodies and DU-PAN-2 (a product of Kyowa Medex) as 
anti-sialyl-Lewis c sugar chain antibody. 

In the manner described above, it is possible to 
obtain DNA coding for the novel polypeptide having Pl,3- 
galactosyltransf erase activity, participating in the 

35 synthesis of cancer-related sugar chains belonging to type 
1 sugar chains such as sialyl-Lewis a sugar chain in 
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cancer cells in the digestive system, such as colon cancer 
cells, pancreatic cancer cells, etc. 

By selecting DNA hybridizing under stringent 
conditions with the DNA obtained in the method described 
5 above, it is possible to obtain the objective DNA coding 
for a polypeptide having an amino acid sequence where in 
SEQ ID NO: 1, one to several amino acids have been deleted, 
replaced or added. 

That is, the objective DNA can be obtained by 

10 screening a cDNA library derived from non-human animals 
such as mouse, rat, cattle and monkey. 

On the basis of the determined amino acid sequence 
of the novel pi , 3 -galactosyltransf erase polypeptide, the 
objective DNA can also be prepared by chemically 

15 synthesizing DNA coding for said polypeptide. Chemical 
synthesis of the DNA can be carried out with a DNA 
synthesizer using the thiophosphite method (a product of 
Shimadzu Corporation) , a DNA synthesizer model 3 92 using 
the phosphoamidite method (a product of Perkin Elmer) , or 

2 0 the like. 

Further, the objective DNA can also be prepared by 
PCR where oligonucleotides described below are used as 
sense primer and antisense primer while cDNA prepared from 
mRNA in cells expressing mRNA complementary to said DNA is 

25 used as a template. 

The DNA and DNA fragment of the present invention 
obtained in the above -described methods can be used in the 
conventional method described in Molecular Cloning, 2nd 
edition or in a DNA synthesizer, to prepare 

30 oligonucleotides such as antisense oligonucleotide, sense 
oligonucleotide, etc. having a partial sequence of the DNA 
of the present invention. 

Said oligonucleotides include DNA having the same 
sequence as a sequence of consecutive 5 to 60 nucleotides 

35 in the objective DNA, or DNA having a complementary 

sequence to said DNA, and specific examples include DNA 
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having the same sequence as a consecutive 5- to 60- 
nucleotide sequence in the nucleotide sequence represented 
by SEQ ID NO: 2 or 3, or DNA having a complementary 
sequence to said DNA. If these are used as sense and 
5 antisense primers, two oligonucleotides described above 
having similar melting temperatures (Tm) and similar 
numbers of nucleotides are preferably used. Specifically, 
mention is made of oligonucleotides having the nucleotide 
sequences represented by SEQ ID NOS : 20, 21, etc. 

10 Furthermore, derivatives of these oligonucleotides 

(also referred to hereinafter as oligonucleotide 
derivatives) can also be used as the oligonucleotide of 
the present invention. 

Said oligonucleotide derivatives include an 

15 oligonucleotide derivative in which the phosphodiester 
bond is converted into a phosphorothioate bond, an 
oligonucleotide derivative in which the phosphodiester 
bond is converted into an N3 ' -P5 ' -phosphoamidate bond, an 
oligonucleotide derivative in which the ribose and the 

20 phosphodiester bond are converted into a peptide-nucleic 
acid bond, an oligonucleotide derivative in which the 
uracil is replaced by a C-5 propynyluracil , an 
oligonucleotide derivative in which the uracil is replaced 
by a C-5 thiazolyluracil , an oligonucleotide derivative in 

25 which the cytosine is replaced by a C-5 propynylcytosine , 
an oligonucleotide derivative in which the cytosine is 
replaced by a phenoxazine -modi f ied cytosine, an 
oligonucleotide derivative in which the ribose is replaced 
by a 2 ' -O-propylribose , and an oligonucleotide derivative 

30 in which the ribose is replaced by a 2 ' - 

methoxyethoxyribose [Saibo Kogaku (Cell Engineering) , 16, 
1463 (1997) ] . 

(2) Production of novel pi , 3 -galactosyltransf erase 
polypeptide (also referred to hereinafter as the 
3 5 polypeptide of the present invention) 

The polypeptide ' of the present invention can be 
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produced by expressing the DNA of the present invention in 
host cells in, e.g., the following manner using the 
methods described in Molecular Cloning, 2nd edition or 
Current Protocols in Molecular Biology Supplements 1-38, 
5 etc . 

On the basis of the full-length DNA coding for the 
polypeptide of the present invention, a DNA fragment 
having suitable length containing a region coding for said 
polypeptide is prepared, if necessary. 

10 Further, DNA useful for improving the production 

efficiency of said polypeptide can be prepared by 
replacing a nucleotide in the nucleotide sequence of the 
region encoding the polypeptide so as to make a codon most 
suitable for the expression in a host. 

15 Said DNA fragment or said full-length DNA is 

inserted into a site downstream from a promoter in a 
suitable expression vector to construct a recombinant DNA 
(recombinant vector) . 

By introducing said recombinant vector into host 

20 cells suitable for said expression vector, a transformant 
expressing the polypeptide of the present invention can be 
obtained . 

The host cells may be prokaryotic cells, yeasts, 
animal cells, insect cells, plant cells insofar as they 
2 5 can express the objective gene. Animals or plants can 
also be used . 

The expression vector used is a vector capable of 
autonomous replication or integration into the chromosome 
in the host cells and containing a promoter at a position 
30 suitable for transcription of the novel pi,3- 
galactosyltransf erase gene . 

When prokaryotes such as bacteria are used as the 
host cells, it is preferred that the expression vector for 
the novel pi , 3 -galactosyltransf erase gene is capable of 
35 autonomous replication in the prokaryotes and comprises a 
promoter, a ribosome -binding sequence, the novel pi,3- 
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galactosyltransf erase gene, and a transcription 
termination sequence. The vector may further comprise a 
gene regulating the promoter. 

The expression vector includes, e.g., pBTrp2 , pBTacl, 
5 pBTac2 (which all are commercially available from 

Boehringer Mannheim) , pKK233-2 (a product of Pharmacia) , 
pSE280 (a product of Invitrogen) , pGEMEX-1 (a product of 
Promega) , pQE-8 (a product of QIAGEN) , pKYPIO (Japanese 
Published Unexamined Patent Application No. 110600/83), 

10 pKYP200 [Agric. Biol. Chem. , 48, 669 (1984)], pLSAl [Agric. 
Biol. Chem., 53, 277 (1989)], pGELl [Proc. Natl. Acad. 
Sci., USA, 82, 4306 (1985)], pBluescript II SK+ (a product 
of Stratagene) , pBluescript II SK(-) (a product of 
Stratagene) , pTrs30 (FERM BP-5407) , pTrs32 (FERM BP-5408) , 

15 pGHA2 (FERM BP-4 00) , pGKA2 (FERM B-67 98) , pTerm2 (Japanese 
Published Unexamined Patent Application No. 22979/91, US 
4686191, US 4939094, US 5160735), pEG400 [J. Bacteriol . , 
172, 2392 (1990)], pGEX (a product of Pharmacia), pET 
system (a product of Novagen) , pSupex, pUBHO, pTP5, pC194, 

2 0 pTrxFus (a product of Invitrogen) , pMAL-c2 (a product of 

New England Biolabs) , pUC19 [Gene, 3J3, 103 (1985)], pSTV28 
(a product of Takara Shuzo Co., Ltd.), pUC118 (a product 
of Takara Shuzo Co., Ltd.) and pPAl (Japanese Published 
Unexamined Patent Application No. 233798/88) . 

2 5 The promoter may be any one insofar as it is capable 

of working in host cells such as E. coli, etc. Examples 
are promoters derived from E. coli, phage, etc., such as 
trp promoter (P trp ) , lac promoter (P lac ) , P L promoter, P R 
promoter, P SE promoter, etc. as well as SPOl promoter, SP02 
30 promoter, penP promoter, etc. Artificially designed and 
modified promoters such as a P trp x2 promoter in which two 
P trp s are combined in tandem, tac promoter, lacT7 promoter, 
letl promoter, etc. can also be used. 

A plasmid in which the distance between the Shine- 

3 5 Dalgarno sequence (ribosome binding sequence) and the 

initiation codon is adjusted to an appropriate length 
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(e.g., 6 to 18 bases) may be preferably used. 

Although a transcription termination sequence is not 
necessarily required to express the DNA of the present 
invention, it is preferable to locate the transcription 
5 termination sequence just downstream from the structural 
gene . 

The host cells include microorganisms belonging to 
the genera Escherichia, Serratia, Bacillus , Brevibacterium, 
Corynebacterium, Microbacterium and Pseudomonas . Specific 

10 examples are Escherichia coli XLl-Blue, Escherichia coli 
XL2-Blue, Escherichia coli DH1 , Escherichia coli MC1000, 
Escherichia coli KY32 76, Escherichia coli W14 85, 
Escherichia coli JM109, Escherichia coli HB101, 
Escherichia coli No. 49, Escherichia coli W3110, 

15 Escherichia coli NY49, Escherichia coli BL21(DE3), 
Escherichia coli BL21 (DE3) pLysS, Escherichia coli 
HMS174 (DE3) , Escherichia coli HMS174 (DE3 ) pLysS , Serratia 
ficaria, Serratia fonticola, Serratia liquet aci ens , 
Serratia marcescens , Bacillus subtilis , Bacillus 

20 amyloliquefaciens, Brevibacterium ammoniagenes , 

Brevibacterium i mmariophi 1 urn ATCC14068 , Brevi bacterium 
saccharolyticum ATCC14066, Corynebacterium glutamicum 
ATCC13 032, Corynebacterium glutamicum ATCC14 067, 
Corynebacterium glutamicum ATCC13869, Corynebacterium 

25 acetoacidophilum ATCC13870, Microbacterium ammoniaphilum 
ATCC15354, Pseudomonas sp . D-0110, etc. 

The method of introducing the recombinant vector may 
be any method of introducing DNA into the host cells 
described above, and for example, mention can be made of 

30 the electroporation method [Nucleic Acids Res., 16^ 6127 
(1988)], the method using calcium ion [Proc. Natl. Acad. 
Sci. USA, 69, 2110 (1972)], the protoplast method 
(Japanese Published Unexamined Patent Application No. 
2483942/88) , and the methods described in Gene, 17, 107 

35 (1982) and Molecular & General Genetics, 168 , 111 (1979) . 

When yeasts are used as the host cells, expression 
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vectors such as YEpl3 (ATCC37115) , YEp24 (ATCC37051) , 
YCp50 (ATCC37419) , pHS19, pHS15, etc. can be exemplified. 

Any promoters can be used insofar as they are 
capable of working in yeasts. For example, mention can be 
5 made of promoters such as PH05 promoter, PGK promoter, GAP 
promoter, ADH promoter, gal 1 promoter, gal 10 promoter, 
heat shock protein promoter, MF ocl promoter, CUP 1 
promoter, etc. 

The host cells include yeast strains belonging to 

10 the genera Saccharomyces , Schizosaccharomyces , 

Kluyveromyces , Trichosporon, Schwanniomyces and Pichia. 
Specifically, mention can be made of Saccharomyces 
cerevisiae, Schizosaccharomyces pombe, Kluyveromyces 
lactis, Trichosporon pullulans, Schwanniomyces alluvius, 

15 Pichia pastoris , etc. 

The method of introducing the recombinant vector may 
be any method of introducing DNA into yeast, and examples 
include the electroporation method [Methods Enzymol . , 194 , 
182 (1990)], the spheroplast method [Proc. Natl. Acad. Sci . 

20 USA, 84, 1929 (1978)], the lithium acetate method [J. 

Bacterid., 153 , 163 (1983)] and the method described in 
Proc. Natl. Acad. Sci. USA, 75, 1929 (1978). 

When animal cells are used as the host cells, 
mention can be made of, e.g., expression vectors such as 

25 pcDNAl/Amp, pcDNAI , pCDM8 (which all are available from 

Funakoshi) , pAGE107 [Japanese Published Unexamined Patent 
Application No. 22979/91, Cytotechnology , 3, 133 (1990)], 
pREP4 (a product of Invitrogen) , pAGE103 [J. Biochem. , 101 , 
1307 (1987)], pAMo, pAMoA [J. Biol. Chem. , 268 , 22782- 

30 22787 (1993) , also called pAMoPRSA (Japanese Published 

Unexamined Patent Application No. 336963/93)], and pAS3-3 
(Japanese Published Unexamined Patent Application No. 
227075/90) . 

The promoter used may be any promoter capable of 
35 working in animal cells. Examples are the promoter of IE 
(immediate early) gene of cytomegalovirus (human CMV) , 
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SV4 0 early promoter, the long terminal repeat promoter of 
moloney murine leukemia virus, the promoter of retrovirus, 
a heat shock promoter, SR a promoter and a metallothionein 
promoter. Furthermore, the enhancer of IE gene of human 
5 CMV may be used together with the promoter. 

The host cells include mouse myeloma cells, rat 
myeloma cells, mouse hybridoma cells, CHO cells that are 
Chinese hamster cells, BHK cells, African green monkey 
kidney cells, Namalwa cells or Namalwa KJM-1 cells that 
10 are human cells, human embryonic kidney cells, human 

leukemia cells, HBT5637 (Japanese Published Unexamined 
Patent Application No. 299/88) and human colon cancer cell 
lines . 

The mouse myeloma cells include SP2/0 and NSO; the 
15 rat myeloma cells include YB2/0; the human embryonic 

kidney cells include HEK293 (ATCC: CRL-1573); the human 
leukemia cells include BALL - 1 ; the African green monkey 
kidney cells include COS-1 and COS -7; and the human colon 
cancer cell lines include HCT-15. 

2 0 The method of introducing the recombinant vector may 

be any method of introducing DNA into animal cells. For 
example, mention can be made of the electroporation method 
[Cytotechnology, 3, 133 (1990)], the calcium phosphate 
method (Japanese Published Unexamined Patent Application 
25 No. 227075/90), the lipofection method [Proc. Natl. Acad. 
Sci. USA, 84, 7413 (1987)], and the method described in 
virology, 52, 456 (1973) . 

When insect cells are used as the host, the 
polypeptide can be expressed by methods described in 

3 0 Baculovirus Expression Vectors, A Laboratory Manual, W. H. 

Freeman and Company, New York (1992) ; Molecular Biology, A 
Laboratory Manual; Current Protocols in Molecular Biology 
Supplements 1-38; Bio/Technology, 6, 47 (1988), and so on. 
That is, the recombinant gene transfer vector and a 
35 baculovirus are cotransf ected into insect cells so that a 
recombinant virus is obtained in the culture supernatant 
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of the insect cells, and then insect cells are infected 
with the recombinant virus, whereby the polypeptide can be 
expressed. 

The gene transfer vector used in this method 
5 includes, e.g., pLV1392, pVL1393 and pBlueBacIII (which 
all are products of Invitrogen) . 

As the baculovirus, it is possible to employ, e.g. 
Autographa calif ornica nuclear polyhedrosis virus, which 
is a virus infecting insects of the family Ba.ra.thra. 
10 As the insect cells, it is possible to use 

Spodoptera frugiperda ovarian cells, Trichoplusia ni 
ovarian cells, cultured cells derived from silkworm 
ovaries, etc. 

Spodoptera frugiperda ovarian cells include Sf9 and 

15 Sf21 (Baculovirus Expression Vectors, A Laboratory 

Manual) ; Trichoplusia ni ovarian cells include High 5 and 
BTI-TN-5B1-4 (a product of Invitrogen) ; and the cultured 
cells derived from silkworm ovaries include Bombyx mori N4 . 
As cotransf ection methods of the aforesaid 

20 recombinant gene transfer vector and the aforesaid 

baculovirus into insect cells to prepare the recombinant 
virus, the calcium phosphate method (Japanese Published 
Unexamined Patent Application No. 227075/90), and the 
lipof ection method [Proc. Natl. Acad. Sci. USA, 84, 7413 

25 (1987)] can be exemplified. 

The same method as for introducing DNA into animal 
cells can be used for introducing DNA into insect cells. 
For example, mention can be made of the electroporation 
method [Cytotechnology , 3, 133 (1990)], the calcium 

3 0 phosphate method (Japanese Published Unexamined Patent 
Application No. 227075/90), and the lipofection method 
[Proc. Natl. Acad. Sci. USA, 84, 7413 (1987)]. 

When plant cells or plants are used as the host, the 
polypeptide can be produced according to known methods 

35 [Soshiki Baiyo (Tissue Culture) , 20 (1994) ; Soshiki Baiyo 
(Tissue Culture) , 21 (1995) ; Trends in Biotechnology, 15, 
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45 (1997) ] . 

The expression vector includes, e.g., Ti plasmid and 
tobacco mosaic virus vector. 

Any promoter capable of working in plant cells can 
5 be used as the promoter for the gene expression, and 

examples include 3 5S promoter of cauliflower mosaic virus 
(CaMV) , and rice actin 1 promoter. Furthermore, the 
efficiency of expression of the gene can also be raised by 
inserting, e.g. intron 1 of the maize alcohol 

10 dehydrogenase gene into a region between the promoter and 
the gene to be expressed. 

The host cells include cells of plants such as 
potato, tobacco, maize, rice, rape, soybean, tomato, 
carrot, wheat, barley, rye, alfalfa, flax, etc. 

15 The method of introducing the recombinant vector may 

be any method of introducing DNA into plant cells. For 
example, it is possible to use a method using 
Agrobacterium (Japanese Published Unexamined Patent 
Application No. 140885/84, Japanese Published Unexamined 

20 Patent Application No. 70080/85, WO94/00977) , the 

electroporation method (Japanese Published Unexamined 
Patent Application No. 251887/85) or a method using a 
particle gun (gene gun) (Japanese Patents Nos. 2606856 and 
2517813) . 

2 5 The plant cells or organs to which the gene is 

introduced can be subjected to mass culture using a jar 
f ermentor . 

The medium used in culturing includes generally 
employed media such as Murashige & Skoog (MS) medium and 

3 0 White medium, and media prepared by adding phytohormones 

such as auxin and cytokinin to these media. 

The culturing is conducted usually at pH 5 to 9 at 
20 to 40°C for 3 to 60 days. 

If necessary, antibiotics such as kanamycin and 
3 5 hygromycin may be added to the medium during the culturing. 

Further, plant cells to which the gene is introduced 
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can be re-differentiated to produce a plant (transgenic 
plant) having the introduced gene. 

An animal can also be used to produce the 
polypeptide of the present invention. For example, the 
5 polypeptide of the present invention can be produced 

according to known methods [American Journal of Clinical 
Nutrition, 63_, 639S (1996) , American Journal of Clinical 
Nutrition, 63^ 627S (1996), Bio/Technology, 9, 830 (1991)] 
in an animal to which the gene was introduced. 

10 The promoter used may be any promoter capable of 

working in an animal. For example, mammary gland cell- 
specific promoters such as a-casein promoter, p-casein 
promoter, p-lactoglobulin promoter, and whey acidic 
protein promoter are preferably used. 

15 A transformant derived from a microorganism, animal 

cells or plant cells harboring a recombinant vector 
containing DNA coding for the polypeptide of the present 
invention is cultured in a usual culture method until the 
polypeptide is formed and accumulated, and the polypeptide 

2 0 is collected from the culture whereby said polypeptide can 
be produced. 

When the transformant is an animal or plant, it is 
raised or cultured in a usual manner until the polypeptide 
is formed and accumulated, and the polypeptide is 

2 5 recovered from the animal or plant whereby said 

polypeptide can be produced. 

That is, in the case of an animal, for example, a 
non-human transgenic animal harboring the DNA of the 
present invention is raised until the novel polypeptide 

3 0 having fJl , 3 -galactosyltransf erase activity, encoded by 

said recombinant DNA, is formed and accumulated in the 
animal, and the polypeptide is collected from the animal 
whereby the novel polypeptide having pi,3- 

galactosyltransf erase activity can be produced. The place 
35 where the polypeptide is formed and accumulated in the 
animal is, for example, milk and egg of the animal. 



38 



In the case of the plant, for example, a transgenic 
plant harboring the DNA of the present invention is 
cultured until the novel polypeptide having 01,3- 
galactosyltransf erase activity, encoded by said 
5 recombinant DNA, is formed and accumulated in the plant, 
and the polypeptide is recovered from the plant whereby 
the novel polypeptide having pi , 3 -galactosyltransf erase 
activity can be produced. 

When the transf ormants for producing the polypeptide 

10 of the present invention are prokaryotes such as E. coli, 
etc. or eucaryotes such as yeast, etc., the polypeptide of 
the present invention can be produced by culturing the 
transf ormants of the present invention in a medium to 
thereby form and accumulate the polypeptide of the present 

15 invention in the culture, and collecting said polypeptide 
from said culture. 

The transformant of the present invention in the 
medium can be cultured according to conventional methods 
used for culturing the host . 

2 0 The medium for culturing the transformant obtained 

by using prokaryotes such as E . coli or eucaryotes such as 
yeast may be natural or synthetic medium insofar as the 
medium contains a carbon source, a nitrogen source, 
inorganic salts, etc. which can be assimilated by the 

2 5 organisms and in which the transf ormants can be 

efficiently cultured. 

Any carbon source can be used insofar as it can be 
assimilated by the microorganisms, and the following can 
be used: carbohydrates such as glucose, fructose, sucrose, 

3 0 molasses containing them, starch and starch hydrolyzates ; 

organic acids such as acetic acid and propionic acid; 
alcohols such as ethanol and propanol , and the like. 

As the nitrogen source, the following can be used: 
ammonia; ammonium salts of various inorganic acids or 
3 5 organic acids, such as ammonium chloride, ammonium sulfate, 
ammonium acetate, and ammonium phosphate; other nitrogen- 
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containing compounds; peptone; meat extracts; yeast 
extracts; corn steep liquor; casein hydrolyzates ; soy bean 
meal; soy bean meal hydrolyzates; various fermented cells 
and hydrolyzates thereof; and the like. 
5 As the inorganic salts, the following can be used: 

potassium dihydrogenphosphate, dipotassium 

hydrogenphosphate , magnesium phosphate, magnesium sulfate, 
sodium chloride, ferrous sulfate, manganese sulfate, 
copper sulfate, calcium carbonate, and the like. 

10 The culturing is conducted under aerobic conditions 

using, e.g., shaking culture or submerged spinner culture 
under aeration. 

The culturing temperature is preferably 15 to 4 0°C, 
and the culturing period is usually 5 hours to 7 days. 

15 During the culturing, pH is maintained at 3.0 to 9.0. 

Adjustment of the medium pH is conducted using an 
inorganic or organic acid, an alkaline solution, urea, 
calcium carbonate, ammonia, and the like. 

If necessary, antibiotics such as ampicillin and 

2 0 tetracycline may further be added to the medium during the 

culturing . 

For culturing a microorganism transformed with an 
expression vector using an inducible promoter as a 
promoter, an inducer may be added to the medium, if 
25 necessary. For example, for culturing a microorganism 

transformed with an expression vector using lac promoter, 
isopropyl-(3-D-thiogalactopyranoside, or the like, may be 
added to the medium; for culturing a microorganism 
transformed with an expression vector using trp promoter, 

3 0 indole acrylic acid, or the like, may be added to the 

medium. 

When the transf ormants for producing the polypeptide 
of the present invention are animal cells, the medium for 
culturing the cells is a generally employed medium such as 
35 RPMI1640 medium [The Journal of the American Medical 

Association, 199 , 519 (1967)], Eagle's MEM medium [Science, 
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122 , 501 (1952)], DMEM medium [Virology, 8, 396 (1959)], 
199 medium [Proceeding of the Society for the Biological 
Medicine, 73^, 1 (1950)] or any of these media further 
supplemented with fetal calf serum. 
5 The culturing is conducted usually at pH 6 to 8 at 

25 to 40°C for 1 to 7 days in the presence of 5% C0 2 . 

If necessary, antibiotics such as kanamycin, 
penicillin and streptomycin may be added to the medium 
during the culturing. 
10 When the transf ormants for producing the polypeptide 

of the present invention are insect cells, the medium for 
culturing said cells may be a generally employed medium 
such as TNM-FH medium (a product of Pharmingen) , Sf-900 II 
SFM medium (a product of GIBCO BRL) , ExCell 400 and ExCell 
15 405 [both are products of JRH Biosciences] and Grace's 
Insect Medium [Nature, 195 , 788 (1962)]. 

The culturing is conducted usually at pH 6 to 7 at a 
temperature of 2 5 to 3 0°C for 1 to 5 days. 

If necessary, antibiotics such as gentamycin may be 
2 0 added to the medium during the culturing. 

The method of expressing the gene includes a method 
of expressing a partial polypeptide containing a region 
having pi , 3 -galactosyltransf erase activity besides the 
full-length polypeptide. Generally, glycosyltransf erase 

2 5 has the topology of type 2 transmembrane protein and 

consists of a cytoplasmic region consisting of a few to 
decades of N- terminal amino acids, a membrane -binding 
region containing highly hydrophobic amino acids, a stem 
region consisting of a few to decades of amino acids, and 

3 0 a large C- terminal region containing a catalytic domain. 

It is estimated that the stem region and the large C- 
terminal region containing a catalytic domain are exposed 
to the lumen of the Golgi body. The border between the 
stem region and the catalytic domain can be experimentally 
3 5 determined by examining the disappearance of the activity 
of the polypeptide while deleting its N- terminal region. 
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The stem region and the catalytic domain can also be 
estimated by comparison with the amino acid sequence of 
analogous glycosyltransf erase whose stem region and 
catalytic domain have been revealed. 
5 The structure of the novel pi, 3- 

galactosyltransf erase of the present invention also has 
similar structure to those of other glycosyltransf erases . 

For example, the polypeptide of the present 
invention having the amino acid sequence represented by 

10 SEQ ID NO: 1 consists of a cytoplasmic region consisting 
of N- terminal seven amino acids, a highly hydrophobic 
membrane -binding region consisting of 19 amino acids, a 
stem region consisting of at least 4 amino acids, and a 
large C- terminal region containing a catalytic domain. On 

15 the basis of comparison of its homology in amino acid 
sequence to other pi , 3 -galactosyltransf erases and 
information on the stem region and catalytic domain of 
other pi , 3 -galactosyltransf erases [Japanese Published 
Unexamined Patent Application No. 181759/94] , it is 

20 estimated that the stem region consists of at least 4 
amino acids. Accordingly, a partial polypeptide 
containing the amino acid sequence of 31 to 310 is 
considered to contain the catalytic domain. 

The full-length polypeptide described above or the 

25 partial polypeptide containing the region having pi, 3- 

galactosyltransf erase activity (catalytic domain) can be 
expressed directly or as a secreted protein or fusion 
protein in accordance with the methods described in 
Molecular Cloning, 2nd edition. The protein to be fused 

30 includes p-galactosidase , protein A, IgG-binding region of 
protein A, chloramphenicol acetyltransf erase , poly(Arg), 
poly(Glu), protein G, maltose-binding protein, glutathione 
S- transferase , polyhist idine chain (His- tag) , S peptide, 
DNA-binding protein domain, Tac antigen, thioredoxin, 

3 5 green fluorescence protein, and any antibody epitope [Akio 
Yamakawa : Jikken Igaku (Experimental Medicine), 1_3, 469- 
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474 (1995) ] . 

The method of producing the polypeptide of the 
present invention includes intracellular production by 
host cells, extracellular secretion by host cells or 
5 production on outer membranes by host cells, and the 

method can be selected depending on the host cells used or 
on alteration of the structure of the polypeptide to be 
produced . 

When the polypeptide of the present invention is 

10 produced in host cells or on outer membranes of host cells, 
it is possible to force the polypeptide to be secreted 
outside the host cells by use of the method of Paulson, et 
al. [J. Biol. Chem., 264 , 17619 (1989)], the method of 
Lowe, et al . [Proc. Natl. Acad. Sci., USA, 86, 8227 (1989), 

15 Genes Develop., 4, 1288 (1990)] or methods described in 
Japanese Published Unexamined Patent Application Nos . 
336963/93 and 823021/94, etc. 

That is, the polypeptide of the present invention 
can be secreted outside the host cells by expressing it as 

20 a form in which a signal peptide is added upstream of a 
polypeptide portion containing the active site of the 
polypeptide of the present invention, which can be 
achieved using gene manipulation techniques. 

Specifically, it is possible to force the 

25 polypeptide of the present invention to be secreted 

outside the host cells by expressing it in the form in 
which a signal peptide is added upstream of a polypeptide 
portion containing the amino acid sequence of 31 to 310 
considered to contain the catalytic site. Further, a tag 

30 for purification and detection can also be added between 
the signal peptide and the polypeptide containing the 
catalytic domain or to the C-terminus of the polypeptide 
containing the catalytic domain. The tag for purification 
and detection includes p-galactosidase , protein A, IgG- 

3 5 binding region of protein A, chloramphenicol 

acetyltransf erase, poly(Arg), poly(Glu), protein G, 
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maltose-binding protein, glutathione S-transf erase, 
polyhistidine chain (His -tag) , S peptide, DNA-binding 
protein domain, Tac antigen, thioredoxin, green 
fluorescence protein, and any antibody epitope [Akio 
5 Yamakawa : Jikken Igaku (Experimental Medicine), 13_, 469- 
474 (1995) ] . 

The amount of the polypeptide produced can be 
increased by a gene amplification system using a 
dihydrof olate reductase gene, or the like, according to 

10 the method described in Japanese Published Unexamined 
Patent Application No. 227075/90. 

For isolation and purification of the polypeptide of 
the present invention from a culture of the transformant 
for producing the polypeptide of the present invention, 

15 conventional methods for the isolation and purification of 
enzymes can be used. 

For example, when the polypeptide of the present 
invention is accumulated in a soluble form in the 
transformant cells for producing the polypeptide of the 

2 0 present invention, the cells are recovered from the 

culture by centrif ugation, then washed and disrupted with 
a sonicator, French Press, Manton-Gaulin homogenizer, 
Dynomill, or the like, to obtain a cell-free extract. 
A purified preparation can be obtained by 

25 centrifuging the cell-free extract to obtain the 

supernatant and then by subjecting the supernatant to 
extraction with a solvent, salting-out with ammonium 
sulfate, etc., desalting, precipitation with organic 
solvent, anion- exchange chromatography on resin such as 

30 diethylaminoethyl (DEAE) -Sepharose , DIAIONHPA-75 (a 

product of Mitsubishi Chemical Industries Ltd.), or the 
like, cation-exchange chromatography on resin such as S- 
Sepharose FF (a product of Pharmacia) , or the like, 
hydrophobic chromatography on resin such as butyl 

35 Sepharose, phenyl Sepharose, or the like, gel filtration 
using molecular sieve, affinity chromatography, 
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chromatof ocusing, and electrophoresis such as isoelectric 
focusing, or the like. 

When said polypeptide is expressed as an inclusion 
body in cells, the cells are similarly recovered, 
5 disrupted and centrifuged to obtain a precipitate fraction. 
From the fraction, the polypeptide is then recovered in a 
usual manner, and the inclusion body of the polypeptide is 
solubilized with a polypeptide denaturating agent. The 
solubilized solution is then diluted with, or dialyzed 

10 against, a solution not containing the polypeptide- 
denaturating agent or a solution containing the 
polypeptide-denaturating agent at such a low concentration 
that denaturation of the polypeptide is not caused, 
whereby the solubilized polypeptide is renatured to have 

15 normal higher-order structure, and its purified 

preparation can be obtained by use of the same isolation 
and purification methods as described above. 

When said polypeptide is extracellularly secreted, 
the culture is subjected to means such as centrif ugation 

2 0 to give a soluble fraction. From the soluble fraction, a 
purified preparation of said polypeptide can be obtained 
in the same manner as for isolation and purification from 
the cell -free extract as described above. 

Further, the polypeptide of the present invention 

25 can be purified in accordance with a usual method of 

purifying glycosyltransf erase [J. Evan. Sadler et al . : 
Methods in Enzymology, 83^, 458] . 

Furthermore, it is possible to produce the 
polypeptide of the present invention as a fusion protein 

30 with another protein and to purify it by affinity 

chromatography using a substance having affinity for the 
fused protein [Akio Yamakawa: Jikken Igaku (Experimental 
Medicine), 13, 469-474 (1995)]. 

For example, according to the method of Lowe, et al . 

35 [Proc. Natl. Acad. Sci . , USA, 86, 8227 (1989), Genes 
Develop., 4, 1288 (1990)] or the methods described in 
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Japanese Published Unexamined Patent Application No. 
33 6963/93 and Japanese Published Unexamined Patent 
Application No. 823021/94, the polypeptide of the present 
invention can be produced as a fusion protein with protein 
5 A and can be purified by affinity chromatography using 
immunoglobulin G. 

Further, it is possible to produce the polypeptide 
of the present invention as a fusion protein with a FLAG 
peptide and to purify it by affinity chromatography using 

10 anti-FLAG antibody [Proc. Natl. Acad. Sci., USA, 86, 8227 
(1989), Genes Develop., 4, 1288 (1990)]. 

Furthermore, the polypeptide can also be purified by 
affinity chromatography using an antibody against said 
polypeptide itself . 

15 The polypeptide of the present invention can be 

produced by in vitro transcription- translation system in 
accordance with known methods [J. Biomolecular NMR, 6, 
129-134, Science, 242 , 1162-1164, J. Biochem. , 110 , 166- 
168 (1991) ] . 

2 0 On the basis of the amino acid information on the 

polypeptide obtained above, the polypeptide of the present 
invention can also be produced by chemical synthetic 
methods such as the Fmoc method (the 

f luorenylmethyloxycarbonyl method) , the tBoc method (the 
25 t-butyloxycarbonyl method), etc. The polypeptide can also 
be chemically synthesized by a peptide synthesizer from 
Advanced ChemTech, Perkin Elmer, Pharmacia Biotech, 
Protein Technology Instrument, Synthecell -Vega , PerSeptive, 
Shimadzu Corporation, etc. 
30 The structural analysis of the purified polypeptide 

of the present invention can be carried out according to 
the method described in, e.g., Structural Analysis of 
Protein for Gene Cloning (written by Hisashi Hirano and 
published by Tokyo Kagaku Dojin, 1993) . 
35 The pi , 3 -galactosyl transf erase activity of the 

polypeptide of the present invention can be measured 
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according to a known measuring method [J. Biol. Chem. , 258 , 
9893-9898 (1983), J. Biol. Chem., 262 , 15649-15658 (1987), 
Archi . Biochem. Biophys., 270 , 630-646 (1989) N Archi. 
Biochem. Biophys., 274 , 14-25 (1989), Japanese Published 
5 Unexamined Patent Application No. 181759/94, J. Biol. 
Chem., 273 , 58-65 (1998), J. Biol. Chem., 273 , 433-440 
(1998), J. Biol. Chem., 273, 12770-12778 (1998)]. 
(3) Production of sugar chains having galactose 
transferred via |3l , 3 -linkage to N-acetylglucosamine , N- 
10 acetylglucosamine residue, glucose, or glucose residue 
thereof or complex carbohydrates containing said sugar 
chains . 

Sugar chains having galactose transferred via pi,3- 
linkage to N-acetylglucosamine, N-acetylglucosamine 

15 residue, glucose or glucose residue thereof or complex 

carbohydrates containing said sugar chains can be produced 
by culturing in a medium a transformant selected from the 
transf ormants derived from microorganisms, animal cells, 
plant cells and insect cells obtained in item (2) above, 

2 0 to thereby form and accumulate said sugar chains or said 
complex carbohydrates in the culture, and collecting said 
sugar chains or said complex carbohydrates from the 
culture . 

The sugar chains having galactose transferred via 
25 pi,3-linkage to N-acetylglucosamine residue thereof 

include sugar chains having sialyl -Lewis a structure, 
sugar chains having sialyl -Lewis c structure, sugar chains 
having Lewis a structure, sugar chains having Lewis b 
structure, sugar chains having Galccl-3Gaipi-3GlcNAc 
30 structure, sugar chains having Galal-3 (Fucal-2) Galpl- 
3GlcNAc structure and sugar chains having GalNAcal- 
3 (Fucal-2) Galpl-3GlcNAc structure. 

The culturing can be conducted in accordance with 
item (2) above. 
35 By producing the polypeptide of the present 

invention and any recombinant glycoprotein (e.g., 



47 



pharmaceutical recombinant glycoprotein) simultaneously in 
the transf ormant described above, sugar chains having 
galactose transferred via pi, 3 -linkage to N- 
acetylglucosamine, N-acetylglucosamine residue, glucose or 
5 glucose residue thereof can be added to the recombinant 
glycoprotein . 

Further, the sugar chains having galactose 
transferred via pi, 3 -linkage to N-acetylglucosamine, N- 
acetylglucosamine residue, glucose or glucose residue 

10 thereof, or complex carbohydrates containing said sugar 
chains added thereto, can be produced in accordance with 
the method described in item (2) above by using the animal 
or plant obtained in item (2) above. 

That is, in the case of the animal, for example, a 

15 non-human transgenic animal harboring the DNA of the 

present invention is raised so that sugar chains having 
galactose transferred via pi, 3 -linkage to N- 
acetylglucosamine, N-acetylglucosamine residue, glucose or 
glucose residue thereof, or complex carbohydrates 

2 0 containing said sugar chains added thereto, are formed and 

accumulated in the animal, and said products are recovered 
from the animal whereby the sugar chains having galactose 
transferred via pi, 3 -linkage to N-acetylglucosamine, N- 
acetylglucosamine residue, glucose or glucose residue 
25 thereof, or complex carbohydrates containing said sugar 
chains added thereto, can be produced. 

The place where these products are formed and 
accumulated in the animal is, for example, milk and egg of 
the animal . 

3 0 In the case of the plant, for example, a transgenic 

plant harboring the DNA of the present invention is 
cultured so that sugar chains having galactose transferred 
via pl,3-linkage to N-acetylglucosamine, N- 
acetylglucosamine residue, glucose or glucose residue 
3 5 thereof, or complex carbohydrates containing said sugar 
chains added thereto, are formed and accumulated in the 
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plant, and said products are recovered from the plant 
whereby the sugar chains having galactose transferred via 
Pi , 3 -linkage to N-acetylglucosamine, N-acetylglucosamine 
residue, glucose or glucose residue thereof, or complex 
5 carbohydrates containing said sugar chains added thereto, 
can be produced. 

Reaction products having galactose transferred via 
pi, 3 -linkage to N-acetylglucosamine residues present at 
the non-reducing termini of sugar chain thereof or to N- 

10 acetylglucosamine monosaccharides can be produced in an 
aqueous medium in the following method using the 
polypeptide of the present invention obtained in the 
method described in item (2) above as the enzyme source. 
That is, N-acetylglucosamine monosaccharides, 

15 oligosaccharides having N-acetylglucosamine residue at the 
non- reducing termini thereof, or complex carbohydrates 
having N-acetylglucosamine residue at the non-reducing 
termini of sugar chains thereof, are used as the acceptor 
substrate while the polypeptide of the present invention 

2 0 obtained in the method described in item (2) above is used 

as the enzyme source, and reaction products having 
galactose transferred via pi, 3 -linkage to N- 
acetylglucosamine or N-acetylglucosamine residue of the 
acceptor substrate can be produced by allowing said 
25 receptor substrate, said enzyme source and uridine-5'- 
diphosphate galactose (UDP-Gal) to be present in an 
aqueous medium to thereby form and accumulate said 
reaction products in said aqueous medium and collecting 
said reaction products from said aqueous medium. 

3 0 Reaction products having galactose transferred via 

pi, 3 -linkage to glucose residues present at the non- 
reducing termini of sugar chains thereof or to glucose 
monosaccharides can be produced in an aqueous medium in 
the following method using the polypeptide of the present 
35 invention obtained in the method described in item (2) 
above as the enzyme source . 
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That is, glucose monomers, oligosaccharides having 
glucose residue at the non-reducing termini thereof, or 
complex carbohydrates having glucose residue at the non- 
reducing termini of sugar chains thereof are used as the 
5 acceptor substrate while the polypeptide of the present 
invention obtained in the method described in item (2) 
above is used as the enzyme source, and reaction products 
having galactose transferred via pi, 3 -linkage to glucose 
monomers or glucose residues of the receptor substrate can 

10 be produced by allowing said acceptor substrate, said 
enzyme source and UDP-Gal to be present in an aqueous 
medium to thereby form and accumulate said reaction 
products in said aqueous medium and collecting said 
reaction products from said aqueous medium. 

15 The enzyme source is used at a concentration of 0.1 

mU/1 to 10,000 U/l, preferably 1 mU/1 to 1,000 U/l where 1 
U refers to the activity by which 1 jamol lacto-N- tetraose , 
Gaipi-3GlcNAcpl-3Galpl-4Glc, can be formed at 37°C in 1 
minute from agalact lacto-N-neotetraose , GlcNAcpi-3Galpl- 

20 4Glc, as the substrate. 

The aqueous medium includes water, buffers such as 
phosphates, carbonates, acetates, borates, citrates and 
Tris, alcohols such as methanol and ethanol , esters such 
as ethyl acetate, ketones such as acetone, and amides such 

25 as acetamide. Further, the culture solution of the 

microorganism used as the enzyme source can be used as the 
aqueous medium. A transf ormant ' s culture solution 
obtained by the culturing described in item (2) above, or 
milk obtained from the non-human transgenic animal 

30 described in item (2) above, can also be used as the 
aqueous medium. 

A surfactant or an organic solvent may be added as 
necessary to the aqueous medium. 

The surfactant may be any one capable of promoting 

35 formation of Gal -containing sugars, and examples of such 
surfactants include nonionic surfactants such as 
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polyoxyethylene octadecylamine (e.g., Nimean S-215, a 
product of Nippon Oil and Fats Co., Ltd.), cationic 
surfactants such as cetyl trimethyl ammonium bromide and 
alkyl dimethyl benzyl ammonium chloride (e.g., Cation F2- 
5 40E, a product of Nippon Oil and Fats Co., Ltd.), anionic 
surfactants such as lauroyl sarcosinate, tertiary amines 
such as alkyl dimethyl amine (e.g., tertiary amine FB, a 
product of Nippon Oil and Fats Co., Ltd.), and these can 
be used alone or in combination thereof. 

10 The surfactant is used usually at a concentration of 

0.1 to 50 g/1. 

The organic solvent includes xylene, toluene, fatty 
alcohol, acetone and ethyl acetate, and is used usually at 
a concentration of 0 . 1 to 50 ml/1. 

15 As UDP-Gal, a commercial product or a reaction 

solution formed by the activity of a microorganism, etc. 
or a purified product from the reaction solution can be 
used. The UDP-Gal can be used at a concentration of 0.1 
to 500 mM. 

20 The oligosaccharides having N-acetylglucosamine 

residue at the non-reducing termini thereof include 
GlcNAcpl-3Galpl-4Glc, GlcNAcPl - 3Galpl -4GlcNAc , GlcNAcpl- 
3 (GlcNAcpl-6)Gaipi-4Glc, GlcNAcpl-3 (GlcNAcpi-6) Gaipi- 
4GlcNAc, GlcNAcpl-3GalNAc, GlcNAcpl-6GalNAc , and 

25 oligosaccharides having one of said oligosaccharide 

structures at the non-reducing termini of sugar chains 
thereof . 

The complex carbohydrates having N-acetylglucosamine 
residue at the non-reducing termini of sugar chains 
30 thereof include complex carbohydrates having one of said 
oligosaccharide structures at the non-reducing termini of 
sugar chains thereof, or complex carbohydrates containing 
asialoagalacto complex N-linked sugar chains. 

The acceptor substrate can be used at a 
35 concentration of 0.01 to 500 mM. 

In said formation reaction, inorganic salts such as 
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MnCl 2 , etc., P-mercaptoethanol , polyethylene glycol, etc. 
can be added as necessary. 

The formation reaction is carried out at 20 to 50°C 
for 1 to 96 hours in an aqueous medium, pH 5 to 10, 
5 preferably pH 6 to 8 . 

From the sugar chains or complex carbohydrates 
produced by the method described above, a part of the 
sugar chains can be cleaved off by conventional enzymatic 
or chemical means ["Zoku Seikagaku Jikken Koza" (Sequel to 

10 Lecture of Experiments in Biochemistry), Vol. 4, 

"Fukugotoshitsu Kenkyuho I & II" (Method for Study of 
Complex Carbohydrates) , ed. by Japanese Biochemistry 
Society and published by Tokyo Kagaku Do j in K. K. (1986); 
N. Taniguchi, A. Suzuki, K. Furukawa, K. Sugawara : 

15 Experimental Protocol in Glycobiology , published by 
Shujunsha (1996)] . 

(4) Preparation of an antibody recognizing the polypeptide 
of the present invention 

(i) Preparation of a polyclonal antibody 

2 0 A polyclonal antibody can be prepared by using a 

purified product of the full-length polypeptide or a 
partial fragment of the polypeptide obtained by the method 
described in item (2) above as the antigen and 
administering the antigen to an animal. 
25 The animals to which the antigen is administered 

include rabbits, goats, rats, mice and hamsters. 

Preferable dosage of antigen is 50 to 100 jag per 
animal . 

When a peptide is used as the antigen, it is 
30 preferred to use the peptide as the antigen after binding 
it covalently to a carrier protein such as keyhole limpet 
hemocyanin, bovine thyroglobulin, or the like. The 
peptide used as the antigen can be synthesized by a 
peptide synthesizer . 

3 5 Administration of the antigen is carried out 3 to 10 

times at one- to two-week intervals after the first 
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administration. A blood sample is recovered from the 
fundus oculi veniplex of the eye on the third to seventh 
day after each administration, and the serum is examined 
for reactivity to the antigen used for immunization, for 
5 example, by enzyme immunoassay [Enzyme -linked 

Immunosorbent Assay (ELISA) , published by Igaku Shoin 
(1976); Antibodies - A Laboratory Manual, Cold Spring 
Harbor Laboratory (1988)].. 

A polyclonal antibody can be prepared by obtaining 

10 the serum from a non- human mammal whose serum shows a 
sufficient antibody titer against the antigen used for 
immunization, isolating and purifying it from the serum. 

With regard to the method for isolation and 
purification of the polyclonal antibody, centrif ugation, 

15 salting-out method with 4 0 to 50% saturated ammonium 

sulfate, caprylic acid precipitation method [Antibodies, A 
Laboratory manual, Cold Spring Harbor Laboratory (1988)], 
or chromatographic methods using a DEAE-Sepharose column, 
an anion exchange column, a protein A or G column, a gel 

20 filtration column, and the like, may be employed alone or 
in combination. 

(ii) Preparation of a monoclonal antibody 
(a) Preparation of antibody-producing cells 

The rat whose serum shows adequate antibody titer 
25 against a partial fragment of the polypeptide of the 

present invention used in immunization is used as a source 
of antibody- producing cells. 

On the third to seventh day after the final 
administration of the antigen to a rat with said antibody 
30 titer, the spleen is excised from the rat. The spleen is 
cut into pieces in MEM medium (a product of Nissui 
Pharmaceuticals, Co.) and the pieces are then loosened 
with tweezers, followed by centrif ugation at 1,200 rpm for 
5 minutes, to discard the resulting supernatant. 
35 The spleen cells in the resulting precipitated 

fraction are treated with a Tris-ammonium chloride buffer 
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(pH 7.65) for 1 to 2 minutes to remove erythrocytes, 
followed by washing 3 times with MEM medium to give spleen 
cells as antibody -producing cells. 

(b) Preparation of myeloma cells 

5 As myeloma cells, cell lines obtained from mice or 

rats are used. For example, 8 - a z aguani ne - r e s i s t ant mice 
(BALB/c -derived) myeloma cell line P3-X63Ag8-Ul 
(hereinafter abbreviated to P3-U1) [Curr. Topics. 
Microbiol. Immunol., 81, 1 (1978), Europ . J. Immunol., 6, 

10 511 (1976)], SP2/0-Agl4 (SP-2) [Nature, 276 , 269 (1978)], 
P3-X63-Ag8653 (653) [J. Immunol., 123 , 1548 (1979)] and P3- 
X63-Ag8(X63) [Nature, 256 , 495 (1975)] can be used. These 
cell lines are further subjected to subculture in 8- 
azaguanine medium [medium prepared by adding 8-azaguanine 

15 (15 jag/ml) to a medium (referred to hereinafter as normal 
medium) having glutamine (1.5 mM) , 2 -mercaptoethanol 
(5xl0~ 5 M) , gentamicin (10 |Lig/ml) and fetal calf serum 
(FCS) (a product of CSL Ltd.; 10%) added to RPMI-1640 
medium] , and 3 to 4 days before cell fusion, they are 

2 0 cultured in the normal medium and at least 2xl0 7 cells are 

used for fusion. 

(c) Preparation of hybridoma 

The antibody-producing cells obtained in item (a) 
above and myeloma cells obtained in item (b) above are 
25 washed well with MEM medium or PBS (1.83 g of disodium 
phosphate , 0.21 g of monopotassium phosphate, 7.65 g of 
common salt, 1 L of distilled water, pH 7.2) and mixed 
such that the ratio of the antibody -producing 
cells/myeloma cells ranges from 5/1 to 10/1, and the 

3 0 mixture is centrifuged at 1,20 0 rpm for 5 minutes and the 

supernatant is discarded. 

The cell pellet obtained as the precipitated 
fraction is well loosened, and a mixture containing 2 g of 
polyethylene glycol-1000 (PEG-1000) , 2 ml of MEM and 0.7 
35 ml of dimethyl sulfoxide (DMSO) is added to the cells in a 
volume of 0.2 to 1 ml/10 8 antibody-producing cells with 
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stirring at 37°C / and 1 to 2 ml of MEM medium is added 
thereto several times at 1- to 2 -minute intervals. 

After addition, MEM medium is added to adjust the 
total volume to 50 ml. The solution thus prepared is 
5 centrifuged at 900 rpm for 5 minutes, and the supernatant 
is discarded. 

The cells obtained in the precipitated fraction are 
gently loosened and suspended by pipetting in 100 ml of 
HAT medium [the medium prepared by adding hypoxanthine 

10 (10~ 4 M) , thymidine (1.5xl0~ 5 M) and aminopterin (4xl0~ 7 M) 
to the normal medium] . 

The suspension is put to each well on a 96 -well 
culture plate ( 100|il/well ) and cultured at 37°C in a 5% C0 2 
incubator for 7 to 14 days . 

15 After culturing, an aliquot of the supernatant is 

sampled and a hybridoma reacting specifically with a 
partial fragment of the polypeptide of the present 
invention is selected by enzyme immunoassays described in, 
e.g., "Antibodies" [Antibodies, A Laboratory Manual, Cold 

20 Spring Harbor Laboratory, Chapter 14 (1988)] . 

Specifically, enzyme immunoassays are conducted as 
follows : 

An appropriate plate is coated with a partial 
fragment of the polypeptide of the present invention, 

25 which is used as an antigen for immunization, followed by 
reaction with a culture supernatant of the hybridoma or 
with the purified antibody obtained in (d) below as a 
first antibody and then with anti-rat or anti -mouse 
immunoglobulin antibody as a second antibody labeled with 

3 0 biotin, an enzyme, a chemiluminescent substance or a 

radioisotope. Then, reaction depending on the labeling 
substance is conducted, and a hybridoma reacting 
specifically with the polypeptide of the present invention 
is selected as a hybridoma producing the monoclonal 

35 antibody of the present invention. 

Using the hybridoma, cloning is repeated twice by 
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limiting dilution [for first dilution, HT culture medium 
(aminopterin-f ree HAT medium) is used; for second dilution, 
the normal medium is used] . A hybridoma showing a stable 
and strong antibody titer is selected as the hybridoma 
5 producing an antibody against the polypeptide of the 
present invention. 

(d) Preparation of a monoclonal antibody 

The hybridoma cells producing a monoclonal antibody 
against the polypeptide of the present invention, obtained 

10 in item (c) above, are injected at a dose of 5 to 20xl0 6 

cells/animal into the abdomens of 8 to 10 -week-old mice or 
nude mice treated with 0.5 ml Pristane [animals raised for 
2 weeks after intraperitoneal administration of 2,6,10,14- 
tetramethylpentadecane (Pristane) ] . The hybridoma forms 

15 ascites tumor in 10 to 21 days. 

From the mouse with the ascites tumor, the ascites 
is collected and centrifuged at 3,000 rpm for 5 minutes, 
to remove the solid matters from the fluid. 

From the resulting supernatant, the monoclonal 

20 antibody can be purified and obtained according to the 
same method as used for the polyclonal antibody. 

The subclass of the antibody is determined using a 
mouse monoclonal antibody typing kit or a rat monoclonal 
antibody typing kit. The class of the antibody means 

25 isotype of the antibody, and for example, mention can be 

made of IgG, IgA, IgM, IgD and IgE in human. The subclass 
of the antibody means isotype in the class, and for 
example, mention can be made of IgGl, IgG2a, IgG2b and 
IgG3 in mouse, and IgGl, IgG2 , IgG3 and IgG4 in human. 

3 0 The, amount of protein of the antibody is calculated 

by the Lowry method or from its absorbance at 2 80 nm. 
(5) Application of the DNA or oligonucleotide of the 
present invention to treatment, diagnosis, etc. of 
diseases 

3 5 The DNA of the present invention can be applied to 

treatment of diseases, such as inhibition of cancer 
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metastasis, etc., by use of antisense RNA/DNA technology 
[Bioscience and Industry, _50, 322 (1992) ; "Kagaku" 
(Chemistry), 46, 681 (1991); Biotechnology, 9, 358 (1992); 
Trends in Biotechnology, 1_0, 87 (1992) ; Trends in 
5 Biotechnology, 10^ 152 (1992) ; "Saibo Kogaku" (Cell 

Engineering), 16^,. 1463 (1997)] or by use of triple helix 
technology [Trends in Biotechnology, 10_ t 132 (1992)] as 
well as to diagnosis of such diseases by use of Northern 
hybridization or PCR techniques. 
10 For example, production of the polypeptide of the 

present invention can be inhibited by administering the 
DNA or oligonucleotide of the present invention described 
in item (1) above or its derivative. 

That is, the DNA or oligonucleotide of the present 
15 invention or a derivative thereof can be used for 
inhibition of transcription of DNA coding for the 
polypeptide of the present invention or for inhibition of 
translation of mRNA coding for the polypeptide of the 
present invention . 

2 0 Furthermore, expression level of DNA coding for the 

polypeptide of the present invention can be determined by 
Northern hybridization or PCR using the DNA of the present 
invention or the above oligonucleotide prepared from the 
DNA. 

25 A promoter region of said gene can be obtained by 

using the DNA of the present invention as a probe in a 
known method ["Shin Saibo Kogaku Jikken Protocol" (New 
Experimental Protocol in Cell Engineering) , edited by 
Department of Anticancer Research, Medical Research 

3 0 Institute, Tokyo University and published by Shujunsha 

(1993) ] . 

At present, the sequences of many human chromosomal 
genes whose functions are not known are registered in a 
database. Accordingly, by comparing the sequence of human 
3 5 cDNA coding for the polypeptide of the present invention 
with the sequences of human chromosomal genes registered 
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in a database, the human chromosomal gene coding for the 
polypeptide of the present invention may be identified to 
reveal the structure of said gene. If a chromosomal gene 
sequence consistent with the sequence of said cDNA is 
5 registered, the promoter region and exon and intron 
structures in the chromosomal gene coding for the 
polypeptide of the present invention can be determined by 
comparing the sequence of the cDNA with the sequence of 
the above consistent chromosomal gene. 

10 The promoter region may be any promoter region 

participating in transcription of the gene coding for the 
polypeptide of the present invention in mammalian cells. 
For example, mention can be made of promoter regions 
participating in transcription of the gene coding for the 

15 polypeptide of the present invention in human colon cancer 
cells or human pancreatic cancer cells. For example, 
mention can be made of a promoter DNA having a consecutive 
50- to 5000-bp sequence in the nucleotide sequence of 1 to 
5000 in the nucleotide sequence represented by SEQ ID NO: 

2 0 3. Said promoter can be used in the screening method 
described below. 

It is known that polymorphism and mutations occur in 
a glycosyltransf erase gene. With respect to 

glycosyltransf erase involved in determination of ABO blood 

2 5 type, for example, the following 3 enzymes are formed 

according to the difference in amino acid sequence based 
on gene polymorphism: 

al , 3 -N-acetylgalactosaminyltransf erase involved in 
synthesis of A type antigen, al , 3 -galactosyltransf erase 
30 involved in synthesis of B type antigen, and an enzyme 

having no activity, which is involved in formation of O (H) 
type sugar chains [Nature, 345 , 229-233 (1990)]. 

It is also known that the activity of ocl,3- 
fucosyltransf erase (Fuc-TIII) involved in determination of 

3 5 Lewis blood type is reduced or disappears depending on the 

difference in amino acid sequence based on gene 
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polymorphism [J. Biol. Chem. , 269, 29271-29278 (1994), 
Blood, 8^2, 2915-2919 (1993), J. Biol. Chem., 269 , 20987- 
20994 (1994), J. Biol. Chem., 272 , 21994-21998 (1997)]. 

It is known that the polymorphism of Fuc-TIII gene 
5 has a close relationship with expression of sialyl -Lewis a 
sugar chains that are cancer-related sugar chain antigens 
in colon cancers [Cancer Res., 56, 330-338 (1996), Cancer 
Res., 58, 512-518 (1998)]. 

Accordingly, it is considered that diagnosis of 
10 diseases or prediction of prognosis can be performed by 
examining the polymorphism of Fuc-TIII. 

Since the novel pi , 3 -galactosyltransf erase of the 
present invention is involved in the synthesis of sialyl - 
Lewis a sugar chains or sialyl -Lewis c sugar chains in 
15 colon cancers or pancreatic cancers, diagnosis of colon 

cancers and pancreatic cancers or prediction of prognosis 
can be performed by examining the polymorphism of this 
gene . 

Further, diagnosis of other diseases can also be 
2 0 performed by examining the relationship of the 

polymorphism of this gene with organs (stomach, jejunum, 
colon, pancreas, etc.) expressing this gene. 

Analysis of the polymorphism of this gene can be 
performed using the sequence information on this gene. 
25 Specifically, the polymorphism of the gene can be analyzed 
by Southern blotting, direct sequencing, PCR, a DNA chip 
method, etc. [Rinsho Kensa (Clinical Examination) , 42, 
1507-1517 (1998); Rinsho Kensa, 42, 1565-1570 (1998)]. 
(6) Use of the polypeptide of the present invention 
30 (a) Use thereof for preparation of the antibody of the 
present invention 

The polypeptide of the present invention can be used 
to prepare the antibody of the present invention by the 
method described in item (4) above. 
35 (b) Use of the polypeptide of the present invention for 
production of sugar chains and complex carbohydrates 
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The polypeptide of the present invention can be used 
to produce sugar chains having galactose transferred via 
(31,3-linkage to N-acetylglucosamine, N-acetylglucosamine 
residue, glucose or glucose residue thereof, or complex 
5 carbohydrates having said sugar chains added thereto. 

(c) Use thereof for screening a substance participating in 
the activity of the polypeptide of the present invention 

The polypeptide of the present invention can be used 
for screening a compound enhancing or inhibiting the 
10 activity of said polypeptide by the method (a) described 
in item (8) below. 

(7) Use of the antibody of the present invention 
(a) Immunological detection and quantification of the 
polypeptide of the present invention by the antibody of 

15 the present invention 

The method for immunological detection of the 
polypeptide of the present invention includes ELISA using 
a microtiter plate, fluorescence antibody technique, 
Western blotting, immunohistostaining, etc. 

20 The immunological quantification method includes the 

sandwich ELISA using two monoclonal antibodies which react 
different epitopes of the polypeptide of the present 
invention in a liquid phase and the radioimmunoassay using 
the protein of the present invention labeled with 

2 5 radioisotopes such as 126 I and the antibody recognizing the 
protein of the present invention. 

The detection method or quantification method 
described above can be applied to diagnosis of colon 
cancers, pancreatic cancers, etc. 

30 (b) Pharmaceutical preparation containing the antibody of 
the present invention 

The antibody of the present invention can be used as 
an agent for treating diseases such as colon cancers, 
pancreatic cancers, etc. 

35 As the pharmaceutical preparation comprising the 

antibody of the present invention, said compound can be 
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administered alone as a therapeutic agent, but usually it 
is mixed with pharmacologically acceptable, one or more 
carriers and provided as a pharmaceutical preparation 
produced by a well-known method in the technical field of 
5 pharmaceutical manufacturing. 

The administration route is preferably the most 
effective route for treatment, and includes oral 
administration and parenteral administration such as 
intra-oral cavity administration, intratracheal 

10 administration, intrarectal administration, subcutaneous 
administration, intramuscular administration and 
intravenous administration. The administration form 
includes sprays, capsules, tablets, granules, syrups, 
emulsions, suppositories, injections, ointments and tapes. 

15 The pharmaceutical preparation suitable for oral 

administration includes emulsions, syrups, capsules, 
tablets, powders and granules. For example, liquid 
preparations such as emulsions and syrups can be produced 
by using water, saccharides such as sucrose, sorbitol and 

20 fructose, glycols such as polyethylene glycol and 

propylene glycol, oils such as sesame oil, olive oil and 
soybean oil, preservatives such as p-hydroxybenzoate and 
flavors such as strawberry flavor and peppermint as 
additives. The capsules, tablets, powders and granules 

25 can be produced by using excipients such as lactose, 

glucose, sucrose and mannitol, disintegrating agents such 
as starch and sodium alginate, lubricants such as 
magnesium stearate and talc, binders such as polyvinyl 
alcohol, hydroxypropyl cellulose and gelatin, surfactants 

30 such as fatty acid esters and plasticizers such as 
glycerin as additives. 

The pharmaceutical preparation suitable for 
parenteral administration includes injections, 
suppositories and sprays. For example, the injections are 

35 prepared by using carriers such as a salt solution, 
glucose solution or a mixture of the two. The 
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suppositories are produced by using carriers such as cocoa 
butter, hydrogenated fats and carboxylic acids. The 
sprays are prepared from said compound alone or by using 
carriers for dispersing said compound as fine particles to 
5 facilitate absorption thereof without stimulating the oral 
cavity or tracheal mucous membrane of a recipient. 
Specific examples of such carriers include lactose and 
glycerin. Depending on said compound and the properties 
of the carriers used, preparations such as aerosols and 

10 dry powders can be manufactured. In these parenteral 

preparations, the ingredients exemplified as additives in 
the oral preparations can also be added. 

The dose and administration frequency are varied 
depending on the desired therapeutic effect, 

15 administration method, period of treatment, age, body 

weight, etc., but the dose is usually 10 |ag/kg to 8 mg/kg 
per day in an adult. 

(8) Application to screening methods 

The novel pi , 3 -galactosyltransf erase polypeptide of 

20 the present invention is involved in the synthesis of type 
1 sugar chains such as sialyl -Lewis a sugar chain, sialyl - 
Lewis c sugar chain, Lewis a sugar chain and Lewis b sugar 
chain in cancer cells in the digestive system, such as 
colon cancer cells and pancreatic cancer cells, and thus a 

2 5 compound enhancing or inhibiting the activity of said 

polypeptide can be used to increase or decrease the amount 
of the type 1 sugar chains synthesized in the cells. 

Further, a compound promoting or suppressing the 
transcription process for the gene coding for said 

30 polypeptide or the translation process from the transcript 
to the protein can regulate expression of said polypeptide, 
to regulate the amount of type 1 sugar chains synthesized 
in the cells. 

The compound suppressing the amount of type 1 sugar 
35 chains synthesized is considered to be useful for 

suppression of cancer metastasis. On the other hand, the 
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compound increasing the amount of type 1 sugar chains 
synthesized is considered to be useful for synthesis of 
type 1 sugar chains. 

The compounds described above can be obtained by the 
5 following methods (a) to (e) : 

(a) The novel polypeptide of the present invention having 
Pi , 3 -galactosyltransf erase activity prepared by the method 
described in item (2) above (purified product, a cell 
extract or a culture supernatant from a transformant 

10 expressing said polypeptide) is used as the enzyme, and in 
the presence of a test sample, its (3l,3- 

galactosyltransf erase activity is measured according to 
known methods [J. Biol. Chem., 258 , 9893-9898 (1983), J. 
Biol. Chem., 262 , 15649-15658 (1987), Archi . Biochem. 

15 Biophys., 270 , 630-646 (1989), Archi. Biochem. Biophys . , 
274 , 14-25 (1989) , Japanese Published Unexamined Patent 
Application No. 181759/94, J. Biol. Chem., 273 , 58-65 
(1998), J. Biol. Chem., 273 , 433-440 (1998), J. Biol. 
Chem., 273 , 12770-12778 (1998)], whereby a test compound 

20 having the activity of increasing or decreasing the 01,3- 
galactosyltransf erase activity is selected and obtained. 

(b) Cells expressing the polypeptide of the present 
invention or the transformant described in item (2) above 
are cultured for 2 hours to 1 week in the presence of a 

25 test sample by the culturing method described in item (2) 
above, and the amount of type 1 sugar chains such as 
sialyl -Lewis a sugar chain, sialyl -Lewis c sugar chain, 
Lewis a sugar chain and Lewis b sugar chain on the cell 
surface is determined using an antibody against each sugar 

30 chain, whereby a test compound having the activity of 

increasing or decreasing the amount of said sugar chains 
is selected and obtained. 

The determination method using the antibody includes, 
e.g., detection methods such as ELISA using a microtiter 

3 5 plate, fluorescence antibody technique, Western blotting 
and immunohistostaining . 
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(c) Cells expressing the polypeptide of the present 
invention are cultured for 2 hours to 1 week in the 
presence of a test sample by the culturing method 
described in item (2) above, and then the amount of said 

5 polypeptide in the cells is determined using the antibody 
of the present invention described in item (4) above, 
whereby a test compound having the activity of increasing 
or decreasing the amount of said polypeptide is selected 
and obtained. 

10 The determination method using the antibody of the 

present invention includes, e.g., detection methods such 
as ELISA using a microtiter plate, fluorescence antibody 
techniques, Western blotting and immunohistostaining . 

(d) Cells expressing the polypeptide of the present 
15 invention are cultured for 2 hours to 1 week in the 

presence of a test sample by the culturing method 
described in item (2) above, and then the amount of 
transcripts produced from the gene coding for said 
polypeptide in the cells is determined by the method 
20 described in item (5) above such as Northern hybridization, 
PCR or the like, whereby a test compound having the 
activity of increasing or decreasing the amount of the 
transcripts is selected and obtained. 

(e) A plasmid carrying the DNA to which a reporter gene is 
25 ligated downstream of a promoter obtained in item (4) 

above is prepared in the known method, and the plasmid is 
introduced into the animal cells described in item (2) 
above by the method described in item (2) above whereby a 
transformant is obtained. The transformant is cultured 

3 0 for 2 hours to 1 week in the presence of a test sample by 
the culturing method described in item (2) above, and the 
expression level of the reporter gene in the cells is 
determined by the known method ["Shin Saibo Kogaku Jikken 
Protocol" (New Experimental Protocol in Cell Engineering) , 

35 edited by Department of Anticancer Research, Medical 
Research Institute, Tokyo University and published by 
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Shujunsha (1993) ; Biotechniques , 2_0, 914 (1996) ; J. 
Antibiotics, 49, 453 (1996) ; Trends in Biochemical 
Sciences, 20_, 448 (1995) ; "Saibo Kogaku" (Cell 
Engineering) , 16, 581 (1997) ] , whereby a test compound 
5 having the activity of increasing or decreasing the 
expression level is selected and obtained. 

Examples of reporter genes include chloramphenicol 
acetyltransf erase gene, P-galactosidase gene, p-lactamase 
gene, lucif erase gene and green fluorescent protein (GFP) 
10 gene. 

(9) Creation of knockout non-human animals 

Using a vector containing the DNA of the present 
invention, mutant clones in which the DNA coding for the 
polypeptide of the present invention on the chromosome is 

15 inactivated or replaced by an arbitrary sequence by known 
homologous recombination techniques [e.g., Nature, 326 , 
6110, 295 (1987), Cell, 51, 3, 503 (1987), etc.] can be 
produced from embryonic stem cells in objective non-human 
animals such as cattle, sheep, goats, pigs, horses, 

20 chickens, mice, etc. [e.g., Nature, 350 , 6315, 243 (1991)]. 
The embryonic stem cell clones thus produced and 
blastocyst of fertilized eggs of non-human animals can be 
used for producing chimeras composed of embryonic stem 
cell clones and normal cells by techniques such as 

25 injection chimera method, aggregation chimera method, etc. 

By crossing said chimeras with normal individuals, 
individuals in which the DNA coding for the polypeptide of 
the present invention on the chromosome in cells in the 
whole body is arbitrarily mutated can be obtained, and by 

3 0 crossing said individuals, homozygotes (knockout non-human 
animals) having the mutation on both homologous 
chromosomes can be obtained. 

In this manner, the DNA coding for the polypeptide 
of the present invention on the chromosome in the animals 

3 5 can be mutated in an arbitrary position. For example, the 
translational region of the DNA coding for the polypeptide 
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of the present invention on the chromosome can be mutated 
by base substitution, deletion, insertion, etc. to alter 
the activity of its product. 

Further, by similar mutation of its expression- 
5 regulating region, the degree of expression, stage, tissue 
specificity, etc. can also be modified. Furthermore, by 
combination with the Cre-loxP system, the expression stage, 
expression site, expression level, etc. can also be 
regulated highly. 

10 By way of example, it is known that by using a 

promoter to be expressed in a specific region in the brain, 
an objective gene is deleted in only that region [Cell, 87 , 
7, 1317 (1996)], or by using adenovirus expressing Cre, an 
objective gene is deleted in an organ-specific manner at a 

15 desired stage [Science, 278 , 5335 (1997)]. 

It is, therefore, possible to create knockout non- 
human animals in which expression of the DNA coding for 
the polypeptide of the present invention on the chromosome 
can be regulated at an arbitrary stage or in a specific 

2 0 organ as described above, or the translational region or 

expression-regulating region contains arbitrary insertion, 
deletion or substitution. 

In such knockout non-human animals, various diseases 
attributable to the polypeptide of the present invention 

2 5 can be induced at an arbitrary stage, at an arbitrary 

degree or in an arbitrary site. 

Accordingly, the knockout non- human animal of the 
present invention can serve as a very useful animal model 
in treating or preventing various diseases attributable to 
30 the polypeptide of the present invention. In particular, 
the animal is very useful as a model for evaluation of 
agents for treating or preventing the diseases, functional 
foods, health foods, etc. 

3 5 [Example] 

Examples are shown below. Unless otherwise 
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specified, the methods described in Molecular Cloning, 2nd 
edition were used as techniques in gene manipulation. 

Example 1. Measurement of the expression levels of type 1 
5 sugar chains and known pi , 3 -galactosyltransf erase gene in 
various cell lines 

By measuring the expression levels of type 1 sugar 
chains (sialyl-Lewis a sugar chain, Lewis a sugar chain, 
Lewis b sugar chain) and the known human 01,3- 

10 galactosyltransf erase genes in various human cancer cell 
lines, an attempt was made to identify the pi, 3- 
galactosyltransf erase involved in the synthesis of type 1 
sugar chains in colon cancer cell lines or pancreatic 
cancer cell lines. 

15 Measurement of the expression levels of type 1 sugar 

chains (sialyl-Lewis a sugar chain, Lewis a sugar chain, 
Lewis b sugar chain) in various cell lines was conducted 
by fluorescent antibody staining with anti -sialyl -Lewis a 
sugar chain antibody, anti -Lewis a sugar chain antibody or 

2 0 anti -Lewis b sugar chain antibody, followed by analysis by 

FACS (Fig. 1, A) . 

Quantification of transcripts from the known (31,3- 
galactosyltransf erase (p3Gal-Tl, P3Gal-T2 , P3Gal-T3, 
P3Gal-T4) genes in various human cell lines was conducted 
25 using the RT-PCR method [Proc. Natl. Acad. Sci . USA., 87, 
2725 (1990), J. Biol. Chem. , 269 , 14730 (1994), Japanese 
Published Unexamined Patent Application No. 181759/94, J. 
Biol. Chem., 273 , 26729 (1998)]. The amounts of 
transcripts from the respective pi , 3 -galactosyltransf erase 

3 0 genes in the respective cell lines are shown as values 

relative to the amount ( = 1000) of the p-actin transcript 
considered to be expressed at a similar degree in any 
cells (Fig . 1 , B) . 

(1) Measurement of the expression levels of type 1 sugar 
35 chains (sialyl-Lewis a sugar chain, Lewis a sugar chain, 
Lewis b sugar chain) in various cell lines 
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The cell lines used were colon cancer cell lines 
(Colo205, Colo201, SW1116, LS180, HT29, WiDr, HCT-15, 
SW480, SW620) , pancreatic cancer cell lines (Capan-1, 
Capan-2) , stomach cancer cell lines (KATOIII, MKN45, 
5 MKN74) , a lung cancer cell line (PC-1) , neuroblastoma cell 
lines (SK-N-MC, SK-N-SH) , lymphoma cell lines (Namalwa, 
Jurkat) and a prostate cancer cell line (PC-3) . 

Colo205, Colo201, LS180, HT29, WiDr, HCT-15, SW480, 
SW620, Capan-1, Capan-2, KATOIII, MKN4 5 , MKN74, PC-1, SK- 
10 N-MC, SK-N-SH, Namalwa and PC-3 were obtained from 

American Type Culture Collection (ATCC) . Further, SW1116 
(available from ATCC) and Jurkat (available from RIKEN 
GENE BANK) were obtained from Dr. Takahashi , Aichi Cancer 
Center, JP. 

15 The cells described above were cultured in a medium 

suitable for the respective cells, and then the cells were 
subjected to fluorescent antibody staining with anti- 
sialyl-Lewis a sugar chain antibody (19-9) , anti-Lewis a 
sugar chain antibody (7LE) or ant i -Lewis b sugar chain 

2 0' antibody (Neokokusai) and analyzed by FACS. 

The specific method is as follows: 
About lxlO 6 cells were placed in a microtube (1-5 ml, 
produced by Eppendorf) and the cells were collected by 
centrif ugation (550xg, 7 minutes) . 

25 The cells were washed with 0.9 ml of phosphate 

buffer solution containing 0.1% sodium azide (A-PBS: 8 g/1 
NaCl, 0.2 g/1 KC1 , 1.15 g/1 Na 2 HP0 4 (anhydride), 0.2 g/1 
KH 2 P0 4 , 0.1% sodium azide). After 20 jal of anti-sugar 
chain antibody previously diluted to about 10 |ig/ml with 

30 A-PBS was added to the washed cells, the cells were 
suspended and reacted at 4°C for 1 hour. 

After the reaction, the cells were washed once with 
0.9 ml of A-PBS and then suspended in 2 0 (al of a solution 
previously prepared by diluting ant i -mouse IgM/IgG 

35 antibodies labeled with fluorescein isothiocyanate (FITC) 
(a product of Bio-Rad) 16-fold with A-PBS, followed by 



68 



reaction at 4°C for 3 0 minutes. 

After the reaction, the cells were washed once with 
0.9 ml of A- PBS, then suspended in 0 . 6 ml of A- PBS and 
analyzed by a fluorescence activated cell sorter (EPICS 
5 Elite Flow Cytometer manufactured by COULTER) . In a 

control experiment, the same analysis was conducted by use 
of A-PBS in place of the ant i -sugar chain antibody. 

The results are shown in Fig. 1, A. It was 
confirmed that in the colon cancer cell lines, Colo205, 

10 Colo201 and SW1116 and pancreatic cancer cell line, Capan- 
2, type 1 sugar chains are expressed in larger amounts. 
(2) Quantification of transcripts from known pi, 3- 
galactosyltransf erase (p3Gal-Tl, P3Gal-T2 , p3Gal-T3, 
P3Gal-T4) genes in various human cell lines 

15 (a) Preparation of single-stranded cDNA derived from 
various cell lines 

From the cell lines described in item (1) above, 
total RNAs were extracted by the acid guanidium 
thiocyanate phenol -chloroform method [Anal. Biochem. , 162 , 

20 156-159] . 

Deoxyribonuclease I (a product of Life Technologies 
Ltd.) (5 U/ml) was added to 6 jig each of total RNAs and 
reacted at room temperature for 5 minutes. After the 
reaction, the mixture was heated at 65°C for 15 minutes to 

25 inactivate the enzyme. 

From each of the resulting total RNAs, cDNA was 
synthesized using an oligo (dT) primer by SUPERSCRIPT™ 
Preamplif ication System for First Strand cDNA System (a 
product of Life Technologies Ltd.). The reaction was 

30 conducted in 20 |il solution, and the solution after the 
reaction was diluted 50 -fold with water and stored at - 

80°C until use. 

(b) Preparation of standards and internal controls 
As the standards used for preparation of a 
3 5 calibration curve, linear DNAs were prepared by 

integrating cDNAs of human p3Gal-Tl, human p3Gal-T2, human 
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p3Gal-T3 and human p3Gal-T4 into pUC119 or pBluescript 
SK(-) and cleaving the resulting plasmids (pUC119-3GTl , 
pBS-3GT2, pBS-3GT3, pBS-3GT4) with suitable restriction 
enzymes to take the cDNA inserts. 
5 pUC119-3GTl is identical with plasmid pUC119-WMl 

(FERM BP-4011) described in Japanese Published Unexamined 
Patent Application No. 181759/94. The cDNAs of human 
p3Gal-T2, human p3Gal-T3 and human p3Gal-T4 were obtained 
in the following manner. 

10 A fragment of each cDNA was obtained by PCR using 

primers specific to the sequence of each cDNA. 

By colony hybridization or plaque hybridization 
using each cDNA fragment thus obtained as a probe, each 
cDNA was obtained. The nucleotide sequences of human 

15 p3Gal-T2, human P3Gal-T3 and human p3Gal-T4 were 

determined by DNA sequencer model 4000L (a product of LI- 
COR Ltd.) or DNA sequencer 377 (a product of Perkin Elmer) 
using a reaction kit for each sequencer and it was 
confirmed that each cDNA codes for human p3Gal-T2, human 

2 0 p3Gal-T3 and human p3Gal-T4, respectively. Each cDNA 

could also be obtained by PCR on the basis of its known 
sequence . 

As the standard for quantification of the p-actin 
transcript, a linear DNA was prepared by cleaving pUC119- 
25 ACT with restriction enzymes (Hindi I I and Asp 718) to take 
the cDNA insert [J. Biol. Chem. , 269 , 14730 (1994), 
Japanese Published Unexamined Patent Application No. 
181759/94] . 

As the internal controls, linear DNAs were prepared 
30 by cleaving plasmids prepared below (pBS-3GTld, pBS-3GT2d, 
pBS-3GT3d, pBS-3GT4d) with suitable restriction enzymes to 
take the cDNA inserts. 

By deleting a 212 -bp sequence between Banll-EcoRV in 
human P3Gal-Tl cDNA in pUC119-3GTl, pUC119-3GTld was 

3 5 prepared. 

•By deleting a 258-bp sequence between Af 1 11 - Bst EIl 



70 



in human p3Gal-T2 cDNA in pBS-3GT2, pBS-3GT2d was prepared. 

By deleting a 183 -bp sequence between Sty l - Sty I in 
human P3Gal-T3 cDNA in pBS-GT3, pBS-3GT3d was prepared. 

By deleting a 2 53 -bp sequence between Acc I II - Sty l in 

5 human P3Gal-T4 cDNA in pBS-3GT4, pBS-3GT4d was prepared. 

As the internal control for quantification of the p- 
actin transcript, a linear DNA was prepared by cleaving 
pUC119-ACTd with restriction enzymes (Hindlll and Asp 718) 
to take the cDNA insert [J. Biol. Chem. , 269 , 14730 (1994), 
10 Japanese Published Unexamined Patent Application No. 
181759/94] . 

(c) Quantification of transcripts by RT-PCR 

Reaction solution [10 mM Tris-HCl (pH 8.3), 50 mM 
KC1, 1.5 mM MgCl 2 , 0 . 2 mM dNTP, 0.001 % (w/v) gelatin, 0.2 

15 \iM gene-specific primers] (50 jal) containing 10 jil of each 
tissue-derived cDNA and 10 |o,l (10 fg) of each internal 
control plasmid described above was subjected to PCR with 
DNA polymerase AmpliTaq Gold™ (a product of Perkin Elmer) . 

The nucleotide sequence of each gene-specific primer 

20 is shown in Table 1. Further, the nucleotide sequences of 
P3Gal-Tl gene-specific primers are represented by SEQ ID 
NOS : 4 and 5, the nucleotide sequences of P3Gal-T2 gene- 
specific primers by SEQ ID NOS: 6 and 7, the nucleotide 
sequences of P3Gal-T3 gene-specific primers by SEQ ID NOS: 

25 8 and 9, the nucleotide sequences of p3Gal-T4 gene- 
specific primers by SEQ ID NOS: 10 and 11, and the 
nucleotide sequences of the P-actin specific primers by 
SEQ ID NOS: 12 and 13. 

30 Table 1. Conditions and Primers Used in Quantitative PCR 
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Target 
gene 






Size of PCR product (bp) 


Annea 1 i ner 




* Primer set 


Target 


Competitor 


temp. (°C) 


p3Gal-Tl 


F:5« 
R: 5 ' 


- TTCAGCCACCTAACAGTTGCCAGG - 3 ' - 
- ATACCTTCTTCGTGGCTTGGTGGAG- 3 1 


283 


60 


fi3Gal-T2 


F:5« 


- TAGAAGCTAGAAGAGCTATTCGGC - 3 


! 616 


358 


60 


R:5' 


- ACTCGCCAGTGATTGAACACAAAC - 3 


fi3Gal-T3 


F:5« 


- CCCAATGCCAAGTACGTAATGAAG - 3 


! 474 


291 


60 


R:5' 


- TGTGGTGTTCCTTAGCATGACCTG- 3 


f33Gal-T4 


F:5' 


- TTGATCCCCAACCAGGAAGCTTGC - 3 


! 590 


337 


68 


R:5' 


- TGAGGCCACTGCTCCTCTGATACG - 3 


03Gal-T5 


F:5' 


-ACCACCAGCAGTGCAGCGGAAAC-3 ' 


554 


410 


65 


R:5' 


-GCCACGATCCTCCTGAAGAGGCA-3 • 


fi-Actin 


F:5' 
R:5' 


- GATATCGCCGCGCTCGTCGTCGAC - 3 
- CAGGAAGGAAGGCTGGAAGAGTGC - 3 


! 789 


639 


60 



* F : forward primer. R : reverse primer 

By the primer sets shown above, DNA fragments of 
sizes shown in target in Table 1 can be amplified from the 
5 respective gene transcripts and the respective standards. 
By the primer sets shown above, DNA fragments of sizes 
shown in competitor in Table 1 can be amplified from the 
respective internal controls. 

After heating at 95°C for 11 minutes, PCR was 
10 conducted using 42 -cycle reaction for the pi,3- 

galactosyltransf erase gene group and 24 -cycle reaction for 
the P-actin, each cycle consisting of reaction at 95°C for 
1 minute, at an annealing temperature shown in Table 1 
suitable for each gene for 1 minute, and at 72°C for 2 
15 minutes. 

Each solution (10 jal) after PCR was electrophoresed 
on 1 % agarose gel, stained by ethidium bromide and 
photographed. By scanning each photograph by an NIH image 
system, the density of staining of each amplified fragment 
20 was determined as the amplification amount. 

PCR was conducted similarly using 1.25 fg, 2.5 fg, 5 
fg, 10 fg, 2 0 fg and 4 0 fg of standard plasmid prepared 
above in place of the cell -derived cDNA, to determine the 
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amount of the amplified fragment, and by plotting the 
amount of the amplified fragment vs. the amount of the 
cDNA, a calibration curve was prepared. 

From this calibration curve and the amounts of the 
5 fragments amplified from cDNAs derived from various cells, 
the amounts of the cDNAs in various cells were calculated 
and assumed to be the amounts of mRNAs transcribed in the 
various cells, that is, the expression levels of the genes. 
Because the P-actin gene is considered to be a gene 

10 expressed universally in various cells, its expression 

level is considered similar in any cells. Accordingly, a 
difference in the expression level of the p-actin gene 
among the respective cells is considered attributable to 
the difference of efficiency of cDNA synthesis reaction, 

15 and thus when the expression levels of the pi, 3- 

galactosyltransf erase genes were compared, the expression 
level of the P-actin gene was also taken into 
consideration . 

The amounts of the respective pi,3- 

2 0 galactosyltransf erase gene transcripts in various cell 

lines are shown as values relative to the amount ( = 1000) 
of the P-actin transcript (Fig. 1, B) . 

P3Gal-Tl, p3Gal-T2 and p3Gal-T3 have the activity of 
synthesizing Galpl-3GlcNAc structure, but they were hardly 

25 expressed in the colon cancer cell lines (Colo205, Colo201, 
SW1116) and pancreatic cancer cell line (Capan-2) 
expressing large amounts of type 1 sugar chains. On the 
other hand, p3Gal-T4 was expressed in the colon cancer 
cell lines (Colo205, Colo201, SW1116) and pancreatic 

30 cancer cell line (Capan-2), but it has been revealed that 
this enzyme has no activity of synthesizing Gaipi-3GlcNAc 
structure . 

From these results, it was revealed that pi, 3- 
galactosyltransf erase involved in the synthesis of type 1 
35 sugar chains in these cell lines is a novel enzyme. 
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Example 2. Cloning of a gene (cDNA) coding for the novel 
polypeptide having pi, 3 -galactosyltransf erase activity, 
participating in the synthesis of type 1 sugar chains such 
as sialyl -Lewis a sugar chain in cancer cells in the 
5 digestive system, such as colon cancer cells or pancreatic 
cancer cells 

(1) Acquisition of mRNA from human colon cancer cell line 
Colo205 

About 3 0 jag of mRNA was obtained from human colon 
10 cancer cell line Colo205 by use of a mRNA extraction kit, 
01igotex™-dT30<super> (a product of Roche) . 

The reagents and method employed are those described 
in instructions attached to the kit. 

(2) Preparation of a cDNA library derived from human colon 
15 cancer cell line Colo205 

Eight micrograms of the mRNA derived from human 
colon cancer cell line Colo205, obtained in item (1) above, 
and a kit from Gibco BRL (SUPERSCRIPT Choice System for 
cDNA Synthesis) were used to synthesize double -stranded 
20 cDNA by use of oligo-dT as a primer. 

Sf i I linkers were added to both termini of the 
double- stranded cDNA in the following manner. 
[Addition of Sf i I linkers] 

The single -stranded DNA represented by SEQ ID NO: 14 
2 5 and the single -stranded DNA represented by SEQ ID NO: 15 
were synthesized by 380A-DNA synthesizer (a product of 
Applied Biosystems) . 

Each of the synthesized single-stranded DNAs (50 jug) 
was separately dissolved in 50 (al of a buffer containing 
30 50 mM Tris-HCl (pH 7.5), 10 mM MgCl 2 , 5 mM dithiothreitol 

(abbreviated hereinafter to DTT) , 0 . 1 mM EDTA and 1 mM ATP 
(this buffer is referred hereinafter to T4 kinase buffer) , 
followed by addition of 3 0 U of T4 polynucleotide kinase 
(a product of Takara Shuzo Co., Ltd.) to allow 
35 phosphorylation reaction at 37°C for 16 hours whereby 11- 
bp and 8 -bp linkers were obtained, respectively. 
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Four micrograms of the 11-bp linker, 2.9 jag of the 
8 -bp linker and the double -stranded cDNAs synthesized 
above were dissolved in 45 |il of T4 ligase buffer, and 
10 50 U of T4 DNA ligase was added thereto followed by 
5 reaction at 16°C for 16 hours, and the Sf i I linkers were 
added to each of the double- stranded cDNAs . 

The resulting reaction mixture was subjected to 
agarose gel electrophoresis and about 1.5-kb or more DNA 
fragment was recovered. 

10 Twenty- four micrograms of expression cloning vector 

pAMo [J. Biol. Chem. , 268 , 22782 (1993), also called 
pAMoPRC3Sc (Japanese Published Unexamined Patent 
Application No. 336963/93)] was dissolved directly in 590 
|al of a buffer containing 10 mM Tris-HCl (pH 7.5), 6 mM 

15 MgCl 2/ 50 mM NaCl and 6 mM 2 -mercaptoethanol (this buffer 
is referred to hereinafter as Y-50 buffer) , and 80 U of 
restriction enzyme Sf i I (a product of Takara Shuzo Co., 
Ltd. ; all restriction enzymes used hereinafter are 
products of Takara Shuzo Co., Ltd. unless otherwise 

20 specified) was added to allow digestion reaction at 37°C 
for 16 hours. 

Forty units of BamHI was added to the reaction 
mixture, followed by digestion reaction at 37°C for 2 
hours. The reaction mixture was subjected to agarose gel 

25 electrophoresis, and about 8.8-kb DNA fragments were 
recovered . 

The DNAs prepared above (each derived from 8 jag of 
mRNA) having Sf i I linkers added thereto were separately 
dissolved in 250 |il of T4 ligase buffer, and to each 

30 mixture were added 2 jag of about 8.8-kb DNA fragments 

obtained above and 20 00 U of T4 DNA ligase, followed by 
ligation reaction at 16°C for 16 hours. 

After the reaction, 5 (ig of transfer RNA (tRNA) was 
added to each reaction mixture, and the sample was 

35 precipitated with ethanol and the obtained precipitate was 
dissolved in 20 |il of a buffer containing 10 mM Tris-HCl 
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(pH 8.0) and 1 mM EDTA (sodium ethylenediamine 
tetraacetate) (this buffer is referred to hereinafter as 
TE buffer) . 

The reaction solution was used to transform E . coli 
5 LE392 (Molecular Cloning, 2nd edition) by the 

electroporation method [Nucleic Acids Res., 16_, 6127 
(1988)], and about 1,000,000 ampicillin-resistant 
transf ormants were obtained, to prepare a cDNA library. 

Using said cDNA library (E. coli) and a plasmid maxi 
10 kit (Product No. 41031) , that is, a plasmid preparation 

kit produced by Qiagen, a plasmid containing the cDNA was 
prepared . 

(3) Acquisition of a cDNA fragment for the novel pi,3- 
galactosyltransf erase by use of degenerate primers 

15 By comparing the amino acid sequences of known four 

Pi , 3 -galactosyltransf erases (p3Gal-Tl, p3Gal-T2 , p3Gal-T3 , 
p3Gal-T4) , three or more sites each having a well- 
conserved amino acid sequence in the known four pi,3- 
galactosyl transf erases were found. Said three sites are 

20 called motifs 1, 2 and 3, respectively, from the N- 

terminus . The amino acid sequence of each motif in the 
four pi , 3 -galactosyltransf erases and the position of the 
first amino acid of each motif from the N- terminus are 
shown in Table 2 . 
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Table 2. Amino Acid Sequence Motifs Conserved in P3Gal-T 
Family 





Motif 1 


Motif 2 


Motif 3 


P3Gal-Tl 


A 99 iretwg 


Y 172 VMKTDSD 


E 264 DVYVGLC 


p3Gal-T2 


A 169 IRQTWG 


Y 247 VMKTDSD 


E 340 DVYVGIC 


p3Gal-T3 


A 96 IRVTWG 


Y 1 7 5 VMKTDTD 


E 266 DVYVGIC 


P3Gal-T4 


A 89 IRASWG 


Y 170 VLKTDDD 


E 290 DFYVGVS 



According to known methods [Carl W. Dieffenbach, 
Gabriela S. Dveksler, "PCR Primer: A Laboratory Manual", 
5 Cold Spring Harbor Lab. (1995), The Protocol Series "cDNA 
Cloning" edited by Jyunichiro Inoue & Kentaro Senba and 
published by Yodosha (1996), Science, 241 , 42 (1988)], 
degenerate primers having a nucleotide sequence 
corresponding to the amino acid sequence of each motif 

10 were designed. As the forward primer, two synthetic DNAs 
(whose sequences are represented by SEQ ID NOS : 16 and 17, 
respectively) corresponding to motifs 1 and 2 were 
synthesized. As the reverse primer, two synthetic DNAs 
(whose sequences are represented by SEQ ID NOS: 18 and 19, 

15 respectively) corresponding to motifs 2 and 3 were 
synthesized . 

PCR was conducted using the DNAs represented by SEQ 
ID NOS: 16 and 18 as the primers and the cDNA library 
(plasmid) prepared in item (2) above as the template, and 
20 the amplified DNA was blunt-ended with a DNA polymerase 
Klenow fragment and then subcloned into Eco RV site of 
pBluescript SK (-) (a product of Stratagene) . In addition, 
PCR was conducted using the DNAs represented by SEQ ID 
NOS: 17 and 19 as the primers and the cDNA library 
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(plasmid) prepared in item (2) above as the template, and 
the amplified DNA was blunt -ended with a DNA polymerase 
Klenow fragment and then subcloned into EcoRV site of 
pBluescript SK (-) (a product of Stratagene) . 
5 One unit of DNA polymerase AmliTaq Gold™ (a product 

of Perkin Elmer) was added to 50 |il of reaction solution 
[10 mM Tris-HCl (pH 8.3), 50 mM KC1 , 1.5 mM MgCl 2/ 0.2 mM 
dNTP, 0.001 % (w/v) gelatin, 0.2 \xM primers] containing 
the cDNA library (100 ng plasmid) prepared in item (2) 

10 above, and the mixture was subjected to PCR. 

After heating at 95°C for 11 minutes, PCR was 
conducted using 45-cycle reaction, each cycle consisting 
of reaction at 95°C for 30 seconds, at 35°C for 1 minute 
and at 72°C for 2 minutes . 

15 The nucleotide sequence of the subcloned, PCR- 

amplified fragment was determined using a kit from 
EPICENTRE TECHNOLOGIES (SequiTherm EXCEL II Long-Read DNA 
Sequencing kit-ALF: Catalog No. SE8301A) and an ALF DNA 
sequencer (a product of Amersham Pharmacia Biotech) . 

2 0 As a result of PCR using the DNAs represented by SEQ 

ID NOS : 16 and 18 as the primers, one DNA fragment coding 
for an amino acid sequence that is homologous to, but not 
completely consistent with, the amino acid sequence of 
known pi , 3 -galactosyltransf erase was obtained. 

2 5 The sequence of said DNA fragment excluding the 

primer regions agreed with the nucleotide sequence of 643 
to 851 in the DNA represented by SEQ ID NO: 2. 

Further, one DNA fragment coding for an amino acid 
sequence that is homologous to, but not completely 

3 0 consistent with, the amino acid sequence of known (3l,3- 

galactosyltransf erase was obtained by PCR using the DNAs 
represented by SEQ ID NOS: 17 and 19 as the primers. 

The sequence of said DNA fragment excluding the 
primer regions agreed with the nucleotide sequence of 876 
35 to 1124 in the DNA represented by SEQ ID NO: 2. 
(4) Acquisition of cDNA of the novel pi,3- 
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galactosyl transferase 

The two PCR-amplif ied fragments obtained in item (3) 
were mixed and labeled with 32 P by a multi -prime DNA label 
system (a product of Amersham) to prepare a probe. 
5 5xl0 5 clones in the cDNA library prepared in item 

(2) above was subjected to colony hybridization with said 
probe . 

In this hybridization, the filter was washed twice 
at 65°C for 10 minutes by shaking it in a buffer 

10 consisting of 2-fold cone. SSPE (pH 7.4) [1-fold cone. 

SSPE is composed of 180 mM sodium chloride, 10 mM sodium 
dihydrogen phosphate, 1 mM ethylenediaminetetraacetic acid 
(EDTA) ] and 0.1% SDS, then washed once at 65°C for 15 
minutes by shaking it in a buffer consisting of 1-fold 

15 cone. SSPE and 0.1% SDS, and washed twice at 65°C for 10 
minutes by shaking it in a buffer consisting of 0.2xSSPE 
and 0.1% SDS. 

As a result of the colony hybridization, two 
independent plasmids hybridizing therewith were obtained. 

2 0 (5) Determination of the nucleotide sequence of the cDNA 

inserted in plasmid pAMo-3GT5 

The entire nucleotide sequence of the cDNA contained 
in pAMo-3GT5 that is one of the plasmids obtained in item 
(4) above was determined in the following method. 
25 By using primers specific to a sequence in the pAMo 

vector, 5'- and 3' -terminal sequences of said cDNA were 
determined . 

Synthetic DNAs specific to the sequences thus 
determined were prepared, and by using the DNAs as primers, 

3 0 the nucleotide sequence of a further region in said cDNA 

was determined. 

This operation was repeatedly carried out, whereby 
the entire nucleotide sequence of said cDNA was determined. 
For nucleotide sequencing, DNA sequencer model 4000L 
35 (a product of LI-COR Ltd.) and a reaction kit (Sequitherm 
EXCEL II™ Long-Read™ DNA- sequencing kit-Lc: a product of 
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Air Brown) or DNA sequencer 3 77 (a product of Perkin 
Elmer) and a reaction kit (ABI Prism™ BigDye™ Terminator 
Cycle Sequencing Ready Reaction kit: a product of Applied 
Biosystems) were used. 
5 The entire nucleotide sequence (2775 bp) of the cDNA 

contained in pAMo-3GT5 is represented by SEQ ID NO: 2. 

Said cDNA coded for a polypeptide consisting of 310 
amino acids having a structure characteristic of 
glycosyltransf erase . 
10 Said polypeptide has 2 8 to 37% homology at amino 

acid level to the four human $1 , 3 -galactosyltransf erases 
(P3Gal-Tl, P3Gal-T2, p3Gal-T3, p3Gal-T4) cloned so far, so 
said polypeptide was considered to be a novel pi,3- 
galactosyltransf erase . The amino acid sequence of said 
15 polypeptide is represented by SEQ ID NO: 1. 

Said polypeptide was considered to consist of a 
cytoplasm region consisting of N-terminal seven amino 
acids, a highly hydrophobic membrane -binding region 
consisting of 19 amino acids, a stem region consisting of 

2 0 at least 4 amino acids, and a large C- terminal region 

containing a catalytic domain. On the basis of comparison 

of its homology in amino acid sequence to other pi,3- 
galactosyltransf erases and information on the stem region 
and catalytic domain of other pi , 3 -galactosyltransf erases 
25 [Japanese Published Unexamined Patent Application No, 

181759/94] , it is estimated that the stem region consists 
of at least 4 amino acids. Accordingly, a partial 
polypeptide containing the amino acid sequence of 31 to 
310 is considered to contain the catalytic domain. 

3 0 Hereinafter, said cDNA is referred to as human 

P3Gal-T5 cDNA, and the polypeptide encoded by said cDNA is 
referred to as human p3Gal-T5. 

Human P3Gal-T5 cDNA was cleaved off by cleaving 
pAMo-3GT5 with Hin di I I and Not I and inserted between 
3 5 Hin di I I and Not I sites in pBluescript II SK(+) , whereby 
pBS-3GT5 was constructed (Fig. 2) . 
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Escherichia, coli MM2 94/pBS-3GT5 harboring pBS-3GT5 
was deposited as FERM BP- 6645 on February 10, 1999 with 
the National Institute of Bioscience and Human -Technology, 
Agency of Industrial Science and Technology. 
5 (6) Synthesis of type 1 sugar chains in human cultured 
cells to which human p3Gal-T5 expression plasmid was 
introduced 

The control plasmid (pAMo) and human P3Gal-T5 
expression plasmid (pAMo-3GT5 ) were dissolved at a 
10 concentration of 1 |ug/ju,l, respectively, in TE buffer and 
introduced by the electroporat ion method [Cytotechnology , 
3, 133 (1990)] into Namalwa cells to give transformed 
cells . 

After introduction of 4 jag of plasmid/l . 6xl0 6 cells, 
15 the cells were suspended in 8 ml of RPMI1640 medium 

containing 10% fetal bovine serum [RPMI1640 medium (Nissui 
Pharmaceuticals, Co.) containing 1/40 volume of 7.5% 
NaHC0 3 , 3% of 200 mM L-glutamine solution (GIBCO) and 0.5% 
penicillin-streptomycin solution (5000 units/ml penicillin 
2 0 and 5000 |J.g/ml streptomycin, a product of GIBCO) ] and 
cultured at 3 7°C for 24 hours in a C0 2 incubator. 

After culturing, G418 (a product of GIBCO) was added 
thereto at a concentration of 0.8 mg/ml , and culturing was 
further continued for 14 days, whereby a stable 

2 5 transformant was obtained. The transformant was 

subcultured in RPM1640 containing 0.8 mg/ml G418. 

The transformed cells were subjected to indirect 
fluorescent antibody staining with anti-sialyl -Lewis c 
sugar chain antibody (DU-PAN-2, a product of Kyowa Medex) . 

3 0 The indirect fluorescent antibody staining was 

conducted according to the method described in item (1) in 
Example 1. As a result, the cells having pAMo-3GT5 
introduced therein showed significantly increased 
reactivity with the anti-sialyl-Lewis c sugar chain 
35 antibody (DU-PAN-2) compared with the cells having pAMo 
introduced therein(Fig. 3, A). 
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Further, the control plasmid (pAMo) and human p3Gal- 
T5 expression plasmid (pAMo-3GT5) were introduced in the 
same manner as above into the colon cancer cell line HCT- 
15 expressing no type 1 sugar chain, to give stable 
5 transformed cells. From the stable transformed cells, 

single clones (HCT-3GT5L and HCT-3GT5H) were obtained by 
the limiting dilution method. The amount of p3Gal-T5 
transcript in HCT-3GT5L was lower than the amount of 
p3Gal-T5 transcript in HCT-3GT5H (see Example 4 and Table 

10 3) . Said single clones were subcultured in PRMI1640 
containing 0.8 mg/ml G418. 

The single clone (HCT-3GT5H) thus obtained was 
subjected to indirect fluorescent antibody staining with 
anti-sialyl-Lewis a sugar chain antibody (19-9) , anti- 

15 sialyl-Lewis c sugar chain antibody (DU-PAN-2, a product 
of Kyowa Medex) , anti-Lewis a sugar chain antibody (7LE) 
or ant i- Lewis b sugar chain antibody (Neokokusai) . 

The indirect fluorescent antibody staining was 
conducted according to the method described in item (1) in 

20 Example 1. As a result, it was revealed that the cells 

having pAMo-3GT5 introduced therein showed significantly 
higher reactivity with all the 4 antibodies than that of 
the cells having pAMo introduced therein (Fig. 3, B) . 

These results indicated that p3Gal-T5 is capable of 

25 synthesizing type 1 sugar chains (sialyl-Lewis a sugar 

chain, sialyl-Lewis c sugar chain, Lewis a sugar chain and 
Lewis b sugar chain) in the transformed cells. 

Further, this result means that by expressing P3Gal- 
T5 in cells, sugar chains containing type 1 sugar chains 

30 (sialyl-Lewis a sugar chain, sialyl-Lewis c sugar chain, 
Lewis a sugar chain and Lewis b sugar chain) as well as 
complex carbohydrates containing said sugar chains can be 
de novo synthesized. 

From the foregoing, it is evident that by secretory 

35 production of useful glycoproteins in host cells 

expressing p3Gal-T5, type 1 sugar chains (sialyl-Lewis a 
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sugar chain, sialyl -Lewis c sugar chain, Lewis a sugar 
chain and Lewis b sugar chain, etc.) can be added to the 
glycoproteins to be produced and secreted. 
(7) Quantification of human p3Gal-T5 gene transcripts in 
5 various human cell lines 

Human P3Gal-T5 gene transcripts were quantified 
according to the method in item (2) in Example 1. 

Each of the single -stranded cDNAs derived from 
various cell lines, prepared in item (1) in Example 1, was 
10 used as the template. 

As the standard used for preparation of a 
calibration curve, linear DNA was prepared by cleaving the 
plasmid (pBS-3GT5) having human p3Gal-T5 cDNA integrated 
in pBluescript II SK(+) constructed in item (5), with 
15 suitable restriction enzymes to take the cDNA insert. 

As the internal control, linear DNA was prepared by 
cleaving a plasmid (pBS-3GT5d) prepared below with 
suitable restriction enzymes to take the cDNA insert. 

By deleting a 144 -bp sequence between Eco 81I- Xcm I in 
2 0 human p3Gal-T5 cDNA in pBS-3GT5, pBS-3GT5d was prepared. 

Quantification of the transcripts by RT-PCR was 
conducted in the same manner as in item (2) in Example 1 
by use of |33Gal-T5 specific primers. The nucleotide 
sequences of P3Gal-T5 specific primers are shown in Table 
2 5 1 and SEQ ID NOS : 2 0 and 21. 

By the p3Gal-T5 specific primers, the DNA fragment 
(554 bp) shown in target in Table 1 can be amplified from 
P3Gal-T5 gene transcripts and the standard. By the above 
primers, the DNA fragment (410 bp) shown in competitor in 
30 Table 1 can be amplified from the internal control. 

After heating at 95°C for 11 minutes, PCR was 
carried out using 42 -cycle reaction, each cycle consisting 
of reaction at 95°C for 1 minute, at 65°C for 1 minute and 
at 72°C for 2 minutes. 
35 The amounts of the p3Gal-T5 gene transcripts in 

various cell lines are shown as values relative to the 
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amount ( = 1000) of the P-actin transcript (Fig. 4, A). 

It was revealed that the p3Gal-T5 transcript is 
expressed in the colon cancer cell lines (Colo205, Colo201, 
SW1116) and pancreatic cancer cell line (Capan-2) 
5 expressing large amounts of type 1 sugar chains. Further, 
expression of the p3Gal-T5 transcript was well correlated 
with expression of type 1 sugar chains (see Fig. 1) . 

Taking the above results in (5) and (6) into 
consideration, it is concluded that P3Gal-T5 is a novel 
10 pi , 3 -galactosyltransf erase involved in the synthesis of 

type 1 sugar chains such as sialyl -Lewis a sugar chain and 
sialyl -Lewis c sugar chain in cancer cells in the 
digestive system, such as colon cancer cells or pancreatic 
cancer cells. 

15 (8) Expression of CA19-9 antigen-containing proteins in 
various human cell lines 

Expression of sialyl -Lewis a sugar chain-containing 
proteins in colon cancer cell lines (Colo205, Colo201, 
SW1116, LS180, HT29, WiDr, HCT-15, SW480, SW620), 

2 0 pancreatic cancer cell lines (Capan-1, Capan-2) and 

stomach cancer cell lines (KATOIII, MKN45, MKN74) was 
examined by Western blotting analysis using anti -sialyl - 
Lewis a antibody (19-9) . 

19-9 has been utilized to detect cancer-related 

2 5 sugar chains in colon cancers and pancreatic cancers, and 

the sialyl -Lewis a sugar chain antigen detected by 19-9 is 
called CA19-9 antigen. 

The respective cells (IxlO 7 cells) were suspended in 
a solution [20 mM HEPES (pH 7.2), 2% Triron X-100] and 

3 0 sonicated in a short time to prepare a cell lysate. 

The protein concentration in said cell lysate was 
determined using a micro-BCA protein assay reagent kit (a 
product of PIERCE) , and 10 (ig of protein was subjected to 
SDS-polyacryl amide gel electrophoresis (SDS-PAGE) . 
35 After the electrophoresis, the protein on the gel 

was transferred by Transblot SD cell (a product of Bio- 
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Rad) onto Immobilon PVDF membrane (a product of Millipore) . 

The membrane was blocked by treatment overnight with 
a blocking solution (PBS containing 5% skim milk) at 4°C. 

After the blocking, said membrane was treated at 
5 room temperature for 2 hours with 10 jog/ml ant i- sialyl - 

Lewis a antibody (19-9) diluted with the blocking solution. 

After this treatment, said membrane was treated with 
ECL Western blotting detection reagent (a product of 
Amersham) , to detect the proteins to which 19-9 was bound. 
10 The method employed was that described in instructions 
attached to the kit. 

The results are shown in Fig. 4, B. 

Expression of CA19- 9 -containing glycoproteins agreed 
well with expression of p3Gal-T5 transcript (see Fig. 4, 

15 A) measured in item (7) above. On the other hand, 

expression of other GlcNAc pi , 3 -galactosyltransf erase 
(p3Gal-Tl, p3Gal-T2, p3Gal-T3) transcripts was not 
correlated with expression of CA19-9-containing 
glycoproteins. Further, other GlcNAc 01,3- 

20 galactosyltransf erases (p3Gal-Tl, P3Gal-T2, p3Gal-T3) were 
not expressed in Colo2 05 or Colo2 01 highly expressing 
CA19-9-containing glycoproteins (see Fig. 1). 

These results indicate that p3Gal-T5 is a pi, 3- 
galactosyltransf erase involved in the synthesis of cancer- 

25 related antigen CA19-9 in colon cancers, pancreatic 
cancers, etc., and also that p3Gal-T5 can use 
glycoproteins as substrates. 

Example 3. In vitro activity of human P3Gal-T5 
3 0 The in vitro activity of human p3Gal-T5 encoded by 

human P3Gal-T5 cDNA obtained in Example 2 was examined in 

the following manner. 

For comparison with the activities of other known 

Pi , 3 -galactosyltransf erases, expression plasmids (pAMo- 
35 3GT1, pAMo-3GT2, pAMo-3GT3 and pAMo-3GT4) having the cDNAs 

of human p3Gal-Tl, human p3Gal-T2, human p3Gal-T3 and 
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human p3Gal-T4 integrated therein, respectively, were 
constructed . 

pAMo-3GTl is identical with plasmid pAMoPRWMl used 
for constructing plasmid pUC119-WMl (FERM BP-4011) 
5 described in Japanese Published Unexamined Patent 
Application No. 181759/94. 

The control plasmid (pAMo) or each of the five pi,3- 
galactosyltransf erase expression plasmids (pAMo-3GTl, 
pAMo-3GT2, pAMo-3GT3, pAMo-3GT4 and pAMo-3GT5) was 
10 introduced in the same manner as in Example 3 into Namalwa 
cells to give the respective transformed cells. 

In the same manner as in (2) in Example 1, total RNA 
was extracted from the transformed cells, and the amounts 
of transcripts by the five pi , 3 -galactosyl transferase 
15 genes were measured by quantitative RT-PCR. 

The results are shown in Table 3 . 
Table 3. pi , 3 -galactosyltransf erase activity toward 
agalacto LNnT as a substrate and expression of P3Gal-T 
transcripts in each kind of cells 

20 



% Expression of£3Gal-T transcripts 

activity (£3Gal-T/£-actin x10 3 ) 







£3Gal- 


£3Gal- 


jS3Gal- 


£3Gal- 


£3Gal- 






T5 


T1 


T2 


T3 


T4 


Namalwa-mock 


<1 


<0. 01 


<0. 01 


2. 1 


<0. 01 


1.4 


Namalwa-3GT1 


<1 


<0.01 


56 


2. 1 


<0. 01 


1.4 


Namalwa-3GT2 


<1 


<0.01 


<0. 01 


38 


<0. 01 


1.4 


Namalwa-3GT3 


<1 


<0.01 


<0. 01 


2. 1 


42 


1.4 


Namalwa-3GT4 


<1 


<0. 01 


<0.01 


2. 1 


<0. 01 


43 


Namalwa-3GT5 


100 


35 


<0. 01 


2. 1 


<0. 01 


1.4 


HCT-3GT5L 


18 


5 


<0. 01 


<0. 01 


2.2 


0. 1 


HCT-3GT5H 


48 


16 


<0. 01 


<0. 01 


2.2 


0. 1 


Co 1 0205 


40 


3.5 


<0. 01 


<0. 01 


0. 05 


4.6 



86 



SW1116 


22 


1.4 


<0. 01 


0.3 


0.6 


3.2 


HCT-15 


<1 


<0. 01 


<0. 01 


<0.01 


2.2 


0. 1 


Capan-2 


23 


1.2 


<0. 01 


<0.01 


1.9 


2.3 


MKN45 


<1 


<0.01 


0. 04 


0.5 


66 


<0. 01 


PC-1 


<1 


<0. 01 


27 


0.3 


<0. 01 


0.2 



It was confirmed that the amounts of transcripts of 
corresponding pi , 3 -galactosyltransf erase genes are higher 
in the cells having the respective expression plasmids 
5 introduced therein than in the cells having only the 
vector introduced therein. 

Said transformed cells were suspended in a solution 
[20 mM HEPES (pH 7.2), 2% Triron X-100] and sonicated in a 
short time to prepare a cell lysate solution. 

10 The protein concentration of said cell lysate 

solution was determined using a micro-BCA protein assay 
reagent kit (a product of PIERCE) . 

Said cell lysate solution was used to measure pi, 3- 
galactosyl transferase activity . 

15 Preparation of the pyridylaminated sugar chain 

substrate and measurement of the activity were conducted 
according to known methods [Japanese Published Unexamined 
Patent Application Nos . 181759/94 and 823021/94, J. Biol. 
Chem., 269 , 14730-14737 (1994)]. 

20 Specifically, the activity was measured by 

identifying a product by high performance liquid 
chromatography (HPLC) after reaction at 37°C for 2 hours 
in 10 \xl assay solution [14 mM HEPES (pH 7.4), 75 |LiM UDP- 
Gal (a product of SIGMA), 11 }j,M MnCl 2/ 0.01% Triron X-100, 

2 5 2 5 jaM pyridylaminated sugar chain substrate, and the above 

cell lysate solution] . 

The substrate (agalacotoLNnT, GlcNAcpl -3Galpl -4Glc) 
was obtained by treatment, with p-galactosidase , of lacto- 
N-neotetraose (Galpl-4GlcNAcpl-3Galpl-4Glc , hereinafter 

3 0 abbreviated to LNnT) fluorescence -labeled with 

aminopyridine , to remove the terminal galactose residue. 
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AgalactoLNnT was prepared by adding 100 mU of p- 
galactosidase (a product of Seikagaku Kogyo Co., Ltd.) to 
about 6 0 nmol LNnT fluorescence- labeled with aminopyridine , 
reacting them at 3 7°C for 16 hours and heat treatment 
5 thereof at 100°C for 5 minutes to inactivate the p- 
galactosidase . 

As the standard, LNnT fluorescence-labeled with 
aminopyridine or Lacto-N- tetraose (Galpl-3GlcNAcPl-3Galpl- 
4Glc, hereinafter abbreviated to LNT) fluorescence-labeled 
10 with aminopyridine was used. LNnT and LNT were purchased 
from Oxford Glico Systems Ltd. Fluorescence- labeling of 
the oligosaccharides was carried out in a usual manner 
[Agric. Biol. Chem. , 54, 2169 (1990)]. 

After the reaction with an assay solution containing 
15 or not containing UDP-Gal (sugar donor) , the reaction 
solution was analyzed by HPLC, and a peak appearing in 
only the assay solution containing UDP-Gal was assumed to 
be a product . 

After the reaction, the assay solution was treated 
20 at 100°C for 3 minutes and centrifuged at 10,000xg for 5 
minutes to give a supernatant, and its aliquot was 
subjected to HPLC. HPLC was conducted at an elution 
temperature of 2 5°C at a flow rate of 1 ml/min using a 
TSK-gel ODS-80TS column (4.6x300 mm; Tosoh Corporation) 
25 and 0.02 M ammonium acetate buffer (pH 4.0) as an eluent. 
Detection of the product was conducted using a 
fluorescence spectrophotometer FP-920 (Nippon Bunko Co., 
Ltd.) (excitation wavelength, 320 nm; emission wavelength, 
4 00 nm) . 

3 0 The product was identified by comparing its 

retention time with that of standard sugar chain. 

Quantification of the product was conducted by 

comparing its fluorescence density with that of 

aminopyridylated lactose as the standard. 
35 The activities of the respective pi, 3- 

galactosyltransf erases , relative to the activity ( = 100) 
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of human P3Gal-T5 are shown in Table 3. 

Apparent pi , 3 -galactosyltransf erase activity (LNT 
synthesis activity) was detected in the cells expressing 
human p3Gal-T5, but no activity was detected in the cells 
5 expressing other pi , 3 -galactosyltransf erases . No activity 
was detected either in the cells having the control 
plasmid (pAMo) introduced therein. 

In the cells having the respective Pl,3- 
galactosyltransf erase expression plasmids introduced 

10 therein, the respective pi , 3 -galactosyltransf erase 

transcripts were expressed to the same degree (Table 3) , 
thus revealing that the GlcNAc pi , 3 -galactosyltransf erase 
activity (LNT synthesis activity) of human p3Gal-T5 is 
stronger than those of other GlcNAc Pl,3- 

15 galactosyltransf erases (human p3Gal-Tl, human p3Gal-T2, 
human p3Gal-T3) . On the other hand, human p3Gal-T4 is 
known to have GalNAc pi , 3 -galactosyltransf erase activity, 
but not GlcNAc pi , 3 -galactosyltransf erase activity. 

From the results described above, it was proven that 

2 0 human p3Gal-T5 is a GlcNAc pi , 3 -galactosyltransf erase . 

Further, the activity of human p3Gal-T5 is stronger than 
the other GlcNAc pi , 3 -galactosyltransf erases (human p3Gal- 
Tl, human p3Gal-T2, human p3Gal-T3) , thus indicating that 
human p3Gal-T5 is useful for synthesis of type 1 sugar 

2 5 chains such as LNT . 

To examine whether the amount of p3Gal-T5 transcript 
expressed is correlated with GlcNAc pi, 3- 

galactosyltransf erase activity (LNT synthesis activity) , 
HCT-15 cells (HCT-3GT5L and HCT-3GT5H) to which the p3Gal- 

3 0 T5 expression plasmid obtained in Example 2 had been 

introduced, and the colon cancer cell lines (Colo205, 
SW1116, HCT-15), the pancreatic cancer cell line (Capan-2), 
the stomach cancer cell line (MKN4 5) and the lung cancer 
cell line (PC-1) used in Example 1 were examined for the 
35 amount of p3Gal-T5 transcript expressed therein and for 
activity of GlcNAc pi , 3 -galactosyltransf erase activity 
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(LNT synthesis activity) . 

The amount of p3Gal-T5 transcript expressed in each 
kind of cells was measured using the method described in 
Example 1 or in item (7) in Example 2. GlcNAc pi,3- 
5 galactosyltransf erase activity (LNT synthesis activity) 
was measured according to the method described above. 

The results are shown in Table 3 . 

As a result, it was revealed that the amount of 
P3Gal-T5 transcript expressed is correlated with GlcNAc 
10 (51 , 3 -galactosyltransf erase activity (LNT synthesis 

activity) . For example, the amount of p3Gal-T5 transcript 
expressed in HCT-3GT5H was about 3 times as high as that 
in HCT-3GT5L, and the GlcNAc pi , 3 -galactosyltransf erase 
activity (LNT synthesis activity) in HCT-3GT5H was also 
15 about 3 times as high as that in HCT-3GT5L. 

On the other hand, PC-1 expressed a large amount of 
P3Gal-Tl, but GlcNAc pi , 3 -galactosyltransf erase activity 
(LNT synthesis activity) was not detected. Further, MKN45 
expressed a large amount of p3Gal-T3, but GlcNAc Pl,3- 
20 galactosyltransf erase activity (LNT synthesis activity) 
was not detected. 

This result indicates that the GlcNAc pi, 3- 
galactosyktransf erase activity (LNT synthesis activity) of 
P3Gal-Tl and p3Gal-T3 is lower than that of p3Gal-T5, and 
25 this agrees with the result of analysis using the above 
Namalwa cells. 

Example 4. Expression of the p3Gal-T5 gene in various 
organs 

3 0 The P3Gal-T5 transcripts in various human tissues 

(brain, lung, esophagus, stomach (body) , stomach (antrum) , 
jejunum, colon, liver, pancreas, spleen, kidney, adrenal, 
uterus, peripheral lymphocytes) were quantified by RT-PCR 
in the same manner as in item (7) in Example 2. The 

35 amount of the p3Gal-T5 gene transcript in each kind of 

organs is shown as a value relative to the amount (= 1000) 
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of the p-actin transcript (Fig. 5) . 

It was revealed that the P3Gal-T5 transcripts are 
significantly expressed in the stomach (body) , stomach 
(antrum), jejunum, colon and pancreas. Further, the 
5 (33Gal-T5 transcripts were slightly expressed in the brain, 
esophagus, kidney and uterus. On the other hand, the 
p3Gal-T5 transcripts were not expressed in the lung, liver, 
spleen, adrenal and peripheral lymphocytes. 

10 Example 5. Structural analysis of the PGal-T5 chromosomal 
gene 

At present, a large number of human chromosomal 
genes whose functions are not known are registered in a 
database. Accordingly, by comparing the sequence of the 

15 human cDNA coding for the polypeptide of the present 

invention with the sequences of human chromosomal genes 
registered in a database, the human chromosomal gene 
coding for the polypeptide of the present invention would 
be identified and its structure would be revealed. If the 

2 0 sequence of a chromosomal gene consistent with the 

sequence of said cDNA has been registered, the promoter 
region and exon and intron structures in the chromosomal 
gene coding for the polypeptide of the present invention 
can be determined by comparing the sequence of said cDNA 

2 5 with the sequence of said chromosomal gene. 

Comparison between the nucleotide sequence of P3Gal- 
T5 cDNA (SEQ ID NO: 2) and DNA sequences registered in 
Genome Project Database revealed that since a part of the 
sequence of Registration No. AF064860 contains the 

3 0 sequence of the cDNA of p3Gal-T5, the pGal-T5 chromosomal 

gene is located in human chromosome 21q22.3. 

For the purpose of revealing the promoter region in 
the P3Gal-T5 chromosomal gene, the 5' -terminal region of 
p3Gal-T5 cDNA was obtained from Colo205 cells by the 5' 
3 5 RACE method. The 5' RACE method employed was that 

described in instructions attached to the kit (5' RACE 
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system, Version 2.0, a product of GIBCO) . 

First, single- stranded cDNA was synthesized using 
Colo205-derived mRNA (1 |ag) as a template and two 
synthetic DNAs having the sequences represented by SEQ ID 
5 NOS : 22 and 23 as primers. After the synthesis, terminal 
deoxynucleotidyl transferase was used to add oligo-dC to 
the 3' -terminus of said cDNA, and then PCR was conducted 
using synthetic DNA having a dG tail attached to the kit 
as the forward primer and synthetic DNA having the 
10 sequence represented by SEQ ID NO: 24 as the reverse 
primer . 

After heating at 97°C for 11 minutes, PCR was 
carried out using 42 -cycle reaction, each cycle consisting 
of reaction at 94°C for 1 minute, at 55°C for 1 minute and 

15 at 72°C for 2 minutes. 

The amplified fragment was digested with Hin di I I and 
Spe l and then subcloned between Hin dlll- Spe l sites in 
pBluescript SK(-) . The five plasmids thus obtained were 
sequenced, and as a result, it was revealed that the 

20 origin of transcription of the P3Gal-T5 chromosomal gene 
in Colo205 cells is a base at the 85153 -position in 
Registration No. AF064860 mentioned above. 

Accordingly, it was revealed that the region 
upstream from this origin of transcription is a promoter 

25 region functioning at least in Colo205 cells. 

The promoter region (including the transcription- 
regulating region) on the (33Gal-T5 chromosomal gene is 
estimated to be a 5-kb region (sequence of 1 to 5000 in 
the nucleotide sequence represented by SEQ ID NO: 3) 

3 0 upstream from the origin of transcription. 

A 1-kb region (sequence of 4001 to 5000 in the 
nucleotide sequence represented by SEQ ID NO: 3) upstream 
from the origin of transcription was analyzed for the 
presence of a consensus sequence for a binding sequence of 

3 5 a transcription factor by using a TFSEARCH (transcription 
factor search) program (Akiyama, Y. , 
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http: //www. rwcp . or . jp/lab/pdappl/papia . html ) . 

No TATA box was present upstream of the origin of 
transcription, but it is estimated that two CdxA sites, 
one AP-1 site and one MZF-1 (myeloid zinc finger 1 
5 protein) site are present in a 150 -bp region upstream of 
the origin of transcription. 

The promoter region can also be experimentally 
specified by introducing a plasmid having a reporter gene 
ligated downstream from said region into cells expressing 
10 P3Gal-T5 and examining whether the reporter gene is 
expressed or not . 

For further analyzing exon and intron regions in the 
P3Gal-T5 chromosomal gene, whether isoforms of fi3Gal-T5 
cDNA are present or not was examined by the PCR method. 
15 PCR was carried out using the Colo205 cell-derived 

single-stranded cDNA prepared in Example 1 as a template 
and synthetic DNAs having the sequences represented by SEQ 
ID NOS : 2 2 and 2 5 as primers. 

After heating at 97°C for 11 minutes, PCR was 
20 carried out using 42 -cycle reaction, each cycle consisting 
of reaction at 94°C for 1 minute, at 55°C for 1 minute and 
at 72°C for 2 minutes. 

The amplified fragment was digested with Hindlll and 
then subcloned into Hin di I I site in pBluescript SK(-) . 

2 5 The plasmids thus obtained were determined for their 

nucleotide sequences, and as a result, it was revealed 
that at least five 03Gal-T5 cDNA isoforms are present in 
Colo205 cells (Fig. 6) . 

The proportion of the expression levels of the 

3 0 respective isoforms, as determined by comparing the 

amounts of the PCR-amplif ied fragments corresponding to 
the respective isoforms, was that isoform 1 is 50%, 
isoform 2 is 50%, and isoforms 3, 4 and 5 are 1% or less, 
respectively. 

35 The PCR-amplif ied fragment corresponding to each 

isoform was specified by the size of the amplified 



93 



fragment and by treatment with restriction enzyme ( Xba l or 
BsmI) . 

The above results revealed that the p3Gal-T5 
chromosomal gene comprises 4 exons and 3 introns. The 
5 sequence of the promoter region (including transcription- 
regulating region) of the p3Gal-T5 chromosomal gene and 
the sequence of the p3Gal-T5 chromosomal gene are 
represented by SEQ ID NO: 3. The sequence of the promoter 
region (including transcription-regulating region) of the 

10 p3Gal-T5 chromosomal gene is a 1- to 5000-bp in the 

nucleotide sequence represented by SEQ ID NO: 3. The 
sequence of the p3Gal-T5 chromosomal gene is a 5001- to 
10562 -bp in the nucleotide sequence represented by SEQ ID 
NO: 3. The positions of the exons and introns in the 

15 p3Gal-T5 chromosomal gene are shown in Table 4 by using 
the nucleotide numbers in SEQ ID NO: 3. In Table 4, the 
nucleotide sequence indicated by capital letters is an 
exon region, the nucleotide sequence indicated by small 
letters is an intron region. 

2 0 The structure of the P3Gal-T5 chromosomal gene 

(positions and sequences of the exon and intron regions) , 
its position on the chromosome, and the position and 
sequence of the promoter region of the P3Gal-T5 
chromosomal gene could be specified for the first time by 

25 revealing the structure and functions of the p3Gal-T5 cDNA 
according to the present invention. 



94 



Table 4. Exon/intron junctions of the £3Gal-T5 chromosomal gene 



Exon 
No. 


Nucleotide 
sequence No. 
in SEQ ID N0:3 


Length 
(bp) 


Sequence of spl ice 
acceptor site 


Sequence of spl ice 
donor site 


exonl 


5001-5273 


273 




CTGTCACGg t a 1 1 1 c c 


exonl' 


5001-5140 


140 




CCAAGCAGgtttctgg 


exon2 


5459-5567 


109 


ctctctagAGAACCCT 


GTTTGGAGgtagggct 


exon3 


7427-7586 


160 


1 1 1 c c t agTGATTCCT 


AGC AAAAAg tgag 1 1 a 


exon4 


8234-10562 


2329 


c c 1 1 1 c agATGGCTTT 





[Effect of the Invention] 

According to the present invention, there can be 
5 provided a novel polypeptide having 01,3- 

galactosyltransf erase activity involved in the synthesis 
of type 1 sugar chains in cancer cells in the digestive 
system, such as colon cancer cells, pancreatic cancer 
cells, etc., a process for producing said polypeptide, a 

10 DNA coding for said polypeptide, a recombinant vector 
comprising said DNA integrated therein, a transformant 
carrying said recombinant vector, an antibody recognizing 
said polypeptide, a quantification method and an 
immunostaining method for the polypeptide of the present 

15 invention by use of said antibody, a process for producing 
type 1 sugar chain-containing sugar chains and complex 
carbohydrates containing said sugar chains by use of said 
polypeptide, a process for producing type 1 sugar chain- 
containing sugar chains and complex carbohydrates 

2 0 containing said sugar chains by use of a transformant 

carrying said recombinant vector, a method for screening a 
substance altering expression of a gene coding for said 
polypeptide, a method for screening a substance altering 
activity of said polypeptide, a method for diagnosis of 

25 diseases such as colon cancers, pancreatic cancers and 

stomach cancers by use of said DNA or said antibody, and a 
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method for treating diseases such as colon cancers, 
pancreatic cancers and stomach cancers by use of said DNA, 
said substance altering expression of a gene coding for 
the polypeptide, or said substance altering the activity 
5 of the polypeptide. 
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[SEQUENCE LISTING FREE TEXT] 

SEQ ID NO: 4 - Description of Artificial Sequence: 
Synthetic DNA 

SEQ ID NO: 5 - Description of Artificial Sequence: 
5 Synthetic DNA 

SEQ ID NO: 6 - Description of Artificial Sequence: 
Synthetic DNA 

SEQ ID NO: 7 - Description of Artificial Sequence: 
Synthetic DNA 

10 SEQ ID NO: 8 - Description of Artificial Sequence: 
Synthetic DNA 

SEQ ID NO: 9 - Description of Artificial Sequence: 
Synthetic DNA 

SEQ ID NO: 10 - Description of Artificial Sequence 
15 Synthetic DNA 

SEQ ID NO: 11 - Description of Artificial Sequence 
Synthetic DNA 

SEQ ID NO: 12 - Description of Artificial Sequence 
Synthetic DNA 

20 SEQ ID NO: 13 - Description of Artificial Sequence 
Synthetic DNA 

SEQ ID NO: 14 - Description of Artificial Sequence 
Synthetic DNA 

SEQ ID NO: 15 - Description of Artificial Sequence 

2 5 Synthetic DNA 

SEQ ID NO: 16 - Description of Artificial Sequence 
Synthetic DNA 

SEQ ID NO: 17 - Description of Artificial Sequence 
Synthetic DNA 

3 0 SEQ ID NO: 18 - Description of Artificial Sequence 

Synthetic DNA 

SEQ ID NO: 19 - Description of Artificial Sequence 
Synthetic DNA 

SEQ ID NO: 20 - Description of Artificial Sequence 
3 5 Synthetic DNA 

SEQ ID NO: 21 - Description of Artificial Sequence 
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Synthetic DNA 
SEQ ID NO: 22 
Synthetic DNA 
SEQ ID NO: 23 
5 Synthetic DNA 
SEQ ID NO: 24 
Synthetic DNA 
SEQ ID NO: 2 5 
Synthetic DNA 



Description of Artificial Sequence: 
Description of Artificial Sequence: 
Description of Artificial Sequence: 
Description of Artificial Sequence: 
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[Brief Description of Drawings] 

Fig. 1, A shows the results of measurement of the 
expression levels of type 1 sugar chains (sialyl-Lewis a 
sugar chain, Lewis a sugar chain, Lewis b sugar chain) in 
5 a wide variety of human cancer cell lines. Each kind of 
cell was stained with a fluorescent antibody using anti- 
sialyl-Lewis a sugar chain antibody (19-9) , anti-Lewis a 
sugar chain antibody (7LE) or ant i -Lewis b sugar chain 
antibody (Neokokusai) and then analyzed by FACS. The 

10 reactivity with each antibody is shown as + + +, ++, +, ±, 
and -, in the order of decreasing reactivity. - means 
the absence of reactivity with the antibody. NT means 
that the analysis was not conducted. 

Fig. 1, B shows the results of determination of the 

15 amount of transcripts of human (33Gal-Tl, human p3Gal-T2, 
human p3Gal-T3 and human p3Gal-T4 in various human cancer 
cell lines by the quantitative PGR method. The amounts of 
the respective pi , 3 -galactosyltransf erase gene transcripts 
in various cell lines are expressed as values relative to 

20 the amount ( = 1000) of the p-actin transcript considered 
to be expressed at a similar degree in any cells. 

Fig. 2 shows the process of construction of plasmid 
pBS-3GT5. 

Fig. 3, A shows the results of indirect fluorescent 

2 5 antibody staining with anti- sialyl -Lewis c sugar chain 

antibody (DU-PAN-2) and subsequent FACS analysis of 
Namalwa cells [Namalwa (mock) ] having the control plasmid 
(pAMo) introduced therein, or Namalwa cells (Namalwa- 3GT5) 
having human p3Gal-T5 expression plasmid (pAMo-3GT5) 

3 0 introduced therein. The shaded histogram shows the result 

of analysis using A-PBS in place of DU-PAN-2. 

Fig. 3, B shows the results of indirect fluorescent 
antibody staining with anti-sialyl-Lewis a sugar chain 
antibody (19-9) , anti-sialyl-Lewis c sugar chain antibody 
35 (DU-PAN-2) , anti-Lewis a sugar chain antibody (7LE) or • 
anti -Lewis b sugar chain antibody (Neokokusai) and 
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subsequent FACS analysis of HCT-15 cells [HCT15 (mock)] 
having the control plasmid (pAMo) introduced therein, or 
HCT-15 cells (HCT-3GT5H) having human p3Gal-T5 expression 
plasmid (pAMo-3GT5) introduced therein. The shaded 
5 histogram shows the result of analysis using A- PBS in 
place of DU-PAN-2 . 

Fig. 4, A shows the results of quantification of 
human p3Gal-T5 transcripts in various human cancer cell 
lines by the quantitative PCR method. The amounts of the 

10 human (}3Gal-T5 transcripts in various cell lines are 

expressed as values relative to the amount ( = 1000) of 
the (3-actin transcript considered to be expressed at a 
similar degree in any cells. 

Fig. 4, B shows the results of examination of 

15 expression of CA19-9 antigen-containing proteins in 
various human cancer cell lines by Western blotting 
analysis . 

Fig. 5 shows the results of quantification of human 
P3Gal-T5 transcripts in various human tissues by the 
2 0 quantitative PCR method. The amounts of the human p3Gal- 
T5 transcripts in various human tissues are expressed as 
values relative to the amount ( = 1000) of the p-actin 
transcript considered to be expressed at a similar degree 
in any cells. 

2 5 Fig. 6, A shows the structure of human p3Gal-T5 

chromosomal gene . Four exons are shown by square and 
introns by line. An Xba l site is present in exon 2, and a 
BsmI site is present in exon 3 . The coding region (open 
reading frame) is shown by oblique line. The positions of 
30 primers (si-1, si-2, si-3, si-4) used for analysis of 
isoforms of human p3Gal-T5 cDNA are shown by arrow. 

Fig. 6, B shows the structure of isoforms of human 
p3Gal-T5 cDNA. Their proportion is shown in percentage of 
the amount of each isoform expressed in Colo205 cells. 

3 5 Fig. 6, C shows the results of examination of the 

expression level of each isoform of human P3Gal-T5 cDNA in 
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Colo205 cells by the RT-PCR method. After RT-PCR was 
conducted with the combination of primers shown in Fig. 6, 
A, the reaction product was cleaved with a restriction 
enzyme ( Xba l or Bsm I) shown in Fig. 6, to specify the 
5 isoform. "none" means that the restriction enzyme 

treatment was not conducted. The left line shows 
molecular markers (100 bp ladder) . 



